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riFTnOFTHE INVENTION 

Described herein are methods for identif>-ing and preparing high-affinity 
nucleic acid ligands to TGFIi, PDGF, and hKGF. The method utilized herein for 
identifvine such nucleic acid ligands is called SELEX, an acronym for Systematic 
Evolution of Ligands by Exponential enrichment. This invention includes high 
affinity nucleic acid ligands of TGFB, PDGF, and hKGF. Further disclosed are 
[! RNA and DNA ligands to TGFBl and PDGF and RNA ligands to hKGF. Also 

13 included are oligonucleotides containing nucleotide derivatives chemically 

modified at the 2'- positions of pyrimidines. Additionally disclosed are RNA 
ligands to TGFBl and hKGF containing 2'-NH,-modifications or 
r~F.modifications and RNA ligands to PDGF containing 2'-F modifications. This 
invention also includes high affinity nucleic acid inhibitors of TGFBl, PDGF, and 
hKGF. The oligonucleotides of the present invention are useful as 
pharmaceuticals or diagnostic agents. 

1^ ^ r-K^-P^TTNn OF TNVFNTION 
TGFB 

The transforming growth factor -B (TGFB) polypeptides influence growth, 
differentiation, and geneexpressioninmany cell types. The first polypeptide of 
this family that was characterized, TGFBl has two identical 1 12 amino acid 
subunits which are covalently linked. TGFBl is a highly conserved protem with 
only a single amino acid difference distinguishing human from mice forms. 
There are two other members of the TGFB gene family that are expressed m 
mammals. TGFB2 is 71% homologous to TGFBl(de Martin et al, EMEQ 
J. 6:3673-3677), whereas TGFB3 is m. homologous to TGFBl(Derynclc et ai, 
(1988) EMBOI 7:3737-3743). The strucniral characteristics of TGFBl as 
determined by nuclear magnetic resonance (Archer et ai, (1993) B^c^ 
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32:1 17!) agree wiih the cr>stal structure of TGFB: (Daopin ct al.. (1992) 
Science 25I;369-374; Schlunecger and Gnaner ( 1 992) Nature 358:430-434). 

Even though the TGFB's have similar three dimensional structures, they are 
by no means physiologically equivalent. There are at least three different 
5 extracellular receptors, type I, II and III, involved in transmembrane signaling of 
TGFfl to cells carrying the receptors. For reviews, see Derynck (1994) TIBS 
19:548-553 and Massague (1990) Annu. Rev. Cell Biol 6:597-641 . In order for 
TGFB2 to effectively interact with the type II TGFG receptor, the type III receptor 
must also be present (Derynck (1994) TIBS 12:548-553). Vascular endothelial 
cells lack the type III receptor. Instead endothelial cells express a structurally 
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[ j related protein called endoglin (Cheifetz et al., (1992) J Bigl- Chgm 

267:19027-19030), which only binds TGFBl and TGFB3 with high affinity. Thus, 
^3 the relative potency of the TGFB's reflect the type of receptors expressed in a cell 

[:! and organ system. 

In addition to the regulation of the components in the multifactorial 
signaling pathway, the distribution of the synthesis of TGFB polypeptides also 
affects physiological function. The distribution of TGFB2 and TGFB3 is more 
limited (Derynck et a/., (1988) EMBQJ 2:3737-3743) than TGFBl, e.g.,TGFB3 is 
limited to tissues of mesenchymal origin, whereas TGFBl is present in both 
20 mesenchymal and epithelial cells. 

TGFBl is a multifunctional cytokine critical for tissue repair. High 
concentrations of TGFBl are delivered to the site of injury by platelet granules 
(Assoian and Spom, (1986) J Cell Biol. Ifi2:1217-1223.). TGFBl initiates a 
series of evems that promote healing including chemotaxis of cells such as 
leukocytes, monocytes and fibroblasts, and regulation of growth factors and 
cytokines involved in angiogenesis, cell division associated with tissue repair and 
inflammatory responses. TGFBl also stimulates the synthesis of extracellular 
matrix components (Roberts et al, (1986) fror N^tl Acad Sci USA 
21:4167-4171 ; Spom et ai, (1983) SskllSS 212:1329-1330; Massague. (1987) 
£eU 49:437-438) and most importantly for understanding the pathophysiology of 
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TGFBl . TGFfll autoregulates its outi synthesis (Kim et cL (19S9) J Biol Cherr. 
264:7041-7045). 

number of diseases have been associated with TGFBl overproduction. 
Fib1^i^d\eases associated with TGFBl overproduction can be divided into 
5 chronic corAions such as fibrosis of kidney, lung and liver and more acute 
conditions such\s dermal scarring and restenosis. Synthesis and secretion of 
TGFBl by tumor c^s can also lead to inamune suppression such as seen in 
patients with aggresSxe brain or breast tumors (.^eaga et al, (1993) I Clin Invest 
22: 2569-2576). The coihse of Leischmanial infection in mice is drastically 
10 altered by TGFBl (Barral->h»tto et al, (1992) Scknss 252:545-547). TGFBl 

exacerbated the disease, wherek TGFBl antibodies halted the progression of the 
disease in genetically susceptibleh^e. Genetically resistant mice became 
susceptible to Leshmanial infection ub^n administration of TGFBl. 

The profound effects of TGFBl on extracellular matrix deposition have 
15 been reviewed (Rocco and Ziyadeh, (1991) in Contemporary Issues in Nephrology 
v23. Hormones, autocoids and the kidney, ed. Jay Stein. Churchill Livingston, NY 
PP391-410; Roberts et al, (1988) F^r ?ro^. HQrmong Rw- 44:157-197) and 
include the stimulation of the synthesis and the inhibition of degradation of 
extracellular matrix components. Since the structure and filtration properties of 
the glomerulus are largely determined by the extracellular matrix composition of 
the mesangium and glomerular membrane, it is not surprising that TGFBl has 
profound effects on the kidney. The accumulation of mesangial matrix in 
proliferative glomerulonephritus (Border et al, (1990) KiteJnl. 22:689-695) 
and diabetic nephropathy (Mauer et al, (1984) T Clin lnvest .24: 1143-1 155) are 
25 clear and dominant pathological features of the diseases. TGFBl levels are 
elevated in human diabetic glomerulosclerosis (advanced neuropathy) 
(Yamamoto et al, (1993) Prnr N^tl. Acad. Sd 2Q:1814-1818). TGFCl is an 
important mediator in the genesis of renal fibrosis in a number of animal models 
(Phan et al, (1990) Kidnev Int . 22:426; Okuda et al, (1990) I. ^lin Inv^S^ . 
30 M:453). Suppression of experimentally induced glomerulonephritus in rats has 
been demonstrated by antiserum against TGFQl (Border et al , (1990) Nature 



□ 

m 

m 
fii 



n 
I J 



10 



PCT/X'S96/08014 

\V0 96/3SS79 

244:371) and by on «tracdlular mamx protein, d-.con„. which can bind TGFSl 
(Borderer o/.. (199:) Mamr£Ma:j61-j«5). 

Too much TOFBl leads .o dermal scar-tissue formation. Neutralizing 
TGFBl antibodies injected into the margins of healing wounds in rats have been 
5 shown to inhibit scaning without interfering with the rate of wound healing or .he 
tensile strength of .he wound (Shah e, aL (1992) 1^122:213-214). A. *e 
same .ime mere was reduced angiogenesis, reduced number of macrophages and 
monocy.es in dte wound, and a reduced amoun. of disorganized collagen Hber 
deposLion in Ae scar ussue. 

TGFBl may be a facor in Ae progressive Wckening of die arterial wall 
which results from ite proliferation of smooth muscle cells and deposition of 
exttacellular matrix in the artery after balloon angioplasty. The diameter of 4e 
restenosed artery may be reduced 90% by flus sickening, and since mos. of the 
reduction in diameter is due .o extracellular mamx rate dtan smoo* muscle cell 
bodies, it may be possible .o open .hese vessels to 50% simply by reducmg 
extensive exttacellular matrix deposition. In uninjured pig arttries ttamfectcd m 
vivo wiA a TOFBl gene. TGFBl gene expression was associated vntii bofl. 
ex^acellular mauix synti,esis and hyperplasia (Nabel e, (1993) 
^5^,jj^^iiUSA2ail0759-10763). The TGFBl induced hyperplasia was no. as 
extensive as to induced witi. PDGF-BB, bu. .he extracellular matrix was more 
extensive wi* TGFBl mnsfecun.s. No exoacellular mauix deposition was 
associated witi. FGF-l (a secreted form of FGF) induced hyperplasia in gene 
mnsfer pig model (Nabel (1993) Namre 2^:844-846). 

There are several wes of cancer where TGFBl produced by a.e nunor 
„ay be deleterious. MATLyLu ra. cancer cells (S.einer and Barrack, (1992) Mol. 
Endocrinol. 6:15-25) and MCF-7 human breas. cancer cells (Aruaga « (199.) 

4:193-201) became more tumorigenic and me«s.auc after 
transfecion wiUt a vecor expressing tite mouse TGFBl . In breas. cancer, poor 
prognosis is associared wi* elevaled TGFB (Dickson « al.. (1987) 
...H-jnllSA M:837-841 ; Kasid « cl. (1987) Qs^- ^1:5733-5738; Daly 
„ al (1990) U:£ll£bto4i:199-2Il; Barren-Lee e, ./., (1990) ElOi^ 
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pcryxs* 

M :612-6P: King c[ a!., f 19S9) IStemidBiiichm H: 133-1 3S; Welch et al, 
(1990) Prnr NJntl Acad Sci . 87:7678-7682: Walker a/., (1992) Eur J Cancer 
238: 641-644) and induction of TGFBl by tamoxifen treatment (Butta et al, 
(1992) Cancer Res 22:4261-4264) has been associated with failure of tamoxifen 
5 treatment for breast cancer (Thompson et al, (1991) Br. J Cancer 61:609-6 14). 

Anti TGFBl antibodies inhibit the growth of MDA-231 human breast cancer cells 
in athymic mice (Arteaga et a/., (1993) J Clin Invest 92: 2569-2576), a treatment 
which is correlated with an increase in spleen natural killer cell activity. CHO 
cells transfected with latent TGFBl also showed decreased NK activity and 
10 increased mmor growth in nude mice (Wallick et al, (1990) J Exp Med 

172:1777-1784). Thus, TGFBl secreted by breast tumors may cause an endocrine 

immune suppression. 

h plasma concentrations of TGFBl have been shov^n to indicate poor 
pr?gnosis^dvanced breast cancer patients (Anscher et al. (1993) NEngU . 
1 5 Med mi 592-8\Patients with high circulating TGF6 before high dose 

chemotherapy and ahwlogous bone marrow transplantation are at high risk for 
hepatic veno-occlusive^ease (15-50% of all patients with a mortality rate up to 
50o/o) and idiopathic inters^l pneumonitis (40-60% of all patients). The 
implication of these findings i^Mhat elevated plasma levels of TGFBl can be 
20 used to identify at risk patients an\that reduction of TGFBl could decrease the 
morbidity and mortality of these commiHUreatments for breast cancer patients. 
PDGF 

Platelet-derived growth factor (PDGF) was originally isolated firom 
platelet lysates and identified as the major growth-promoting activity present in 

25 serum but not in plasma. Two homologous PDGF isoforms have been identified, 
PDGF A and B, which are encoded by separate genes (on chromosomes 7 and 22). 
The most abundant species from platelets is the AB heterodimer. although all 
three possible dimers (AA, AB and BB) occur naturally. Following translation, 
PDGF dimers are processed into =30 kDa secreted proteins. Two cell surface 

30 proteins that bind PDGF with high affinity have been identified, a and B (Heldin et 
al, p... N'^tl Acd. Sci. . m 3664 (1981); Williams et al, Ppr N^tl Acad, ScL . 
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79: 5867 (1981)). Both species contain five immunoglobulin-like excracellular 
domains, a single transmembrane domain and an intracellular tyrosine kinase 
domain separated by a kinase insert domain. The functional high affmity receptor 
is a dimer and engagement of the extracellular domain of the receptor by PDGF 
5 results in cross-phosphorylation (one receptor tyrosine kinase phosphorylates the 
other in the dimer) of several tyrosine residues. Receptor phosphor> lation leads to 
a cascade of events that results in the transduction of the mitogenic or chemotactic 
signal to the nucleus. For example, in the intracellular domain of the PDGF C 
receptor, nine tyrosine residues have been identified that when phosphorylated 
1 0 interact with different src-homology 2 (SH2) domain-containing proteins 

including phospholipase C-g, phosphatidylinositol 3'-kinase, GTPase-activating 
protein and several adapter molecules like She, Grb2 and Nek (Heldin, QsH, SQ: 
213 (1995))- In the last several years, the specificities of the three PDGF isoforms 
for the three receptor dimers (aa, al3, and 1313) has been elucidated. The a-receptor 
1 5 homodimer binds all three PDGF isoforms with high affinity, the fi-receptor 
homodimer binds only PDGF BB with high affinity and PDGF AB with 
approximately 10-fold lower affinity, and the al3-receptor heterodimer binds 
PDGF BB and PDGF AB with high affinity (Westermark & Heldin, Asm 
Oncologica . 22: 101 (1993)). The specificity pattern results from the ability of the 
20 A-chain to bind only to the a-receptor and of the B-chain to bind to both a and 
B-receptor subunits with high affinity. 

The earliest indication that PDGF expression is linked to malignant 
transformation came with the finding that the amino acid sequence of the PDGF-B 
chain is virtually identical to that of p28**', the transforming protein of the simian 
25 sarcoma virus (SSV) (Waterfield et al Namre . 2Q4: 35 (1983); Johnsson et ai, 
FMBO J. . 1: 921 (1984)). The transforming potential of the PDGF-B chain gene 
and, to a lesser extent, the PDGF-A gene was demonstrated soon thereafter 
(Clarke et al.. Nature , m.: 464 (1984); Gazit et al., £ell, 22: 89 (1984); 
Beckmann et al.. Science . 241 : 1346; Bywater et al., MpI. Cell. B\qI, 2753 
30 ( 1 988)). Many tumor cell lines have since been shown to produce and secrete 

PDGF, some of which also express PDGF receptors (Raines et al, ppptjde Growth 
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^^^^^^^t^,^^, Spn„..r.Ver,as, P« U P .73 (.990,). Paracnne 
a„d in some ceU lines, auiocrine grov.h s.imulauon by PDOF is iherefore 
possible For example, analysis of biopsies from human gliomas has revealed rhe 
existence of uvo autocnne loops: PDGF-B/D-r=cep.or in tumor-assocated 
endothelial cells and PDOF-A/a-receptor in r^or cells (Hermansson e.ai m^ 
Mart Acad. Sci.. M: 7748 (1988); Hermaitsson el aLQmSL^- i^-'-^' 
;;;;r;;;;;rogression to Wgh grade glioma was accompanied by the mcrease 
in expression of PDGF-B and the B-receptor in tumor-associated endothelial cells 
and PDGF-A in glioma cells. Increased expression of PDGF and/or PDOF 
receptors has also been observed in other malignancies including fibrosarcoma 
(Smits « ai. AnUJMhfiL, m 639 (1992)) and thyroid carcinoma (Heldm e, 
^^,Elld£!£nll2te, 122: 2187 (1991)). 

, view of its importance in proliferative disease states, antagomsts of 
,uur mLnd useful clinical applications. Currently, antibodies to PDGF 

aohnssonX., („85)Er..Jia!!^.ai^^i.^^= "^'"""^ 
,1. (1991)S£kksm:n29-1132;H.rrene/«(.. (1993) Hifldiijnkast 
^^^^..^.^^m, 194-302) and the soluble PDGF receptors (Herren« d 
" \„. . .„.„, 1175, 194.302; Duancr a/., (1991) LBiaL 

„ \ . ..nniM rh^m 268 : 9621-9628) are 

Qll5in.2fi4:413-418;Teismancra/.. (199..) , ! »IO I n m . 

the most potent and specie antagonists of PDGF. Neutralidng antibodtes to 
PDGF have been shovm toVer. the SSV-transformed phenotyp. (Johnsson e, 

(,985) E,..JiML^.Mkai^ 52: .72,-1725) andto inhibitthe 
development of neointimal lesXs following arterial injury (Ferns « oi. 991) 
S,i^: U29.1 132). OtherWi- of PDGF such as surantin (Wtlhants e, 
al (,984)y.JifiL<to212: 52^-5294; Betsholtz.rd., (1984)CdL22 
44'7-457), neomycin (Vassbotn « JS^,2VJMS:^m 
and peptides derived from the PDGF aiLo acid sequence (Engst^m « 
J^^^ m 1658,-16587) have \nrepor,ed, however, they are etther 

,00 toxic or lack sufficient specificity or poi^cy to be good drug candidates. 
Othertypesofantagonis,sofpossihlec,inicalWaremolecules.h.se.ec^^^^ 

inhibit the PDGF receptor tyrosine kinase (BucJ^itnger « (1995) Em=JM. 
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<r\ A. 92: 255S-2562: Kovalenk et a!.. (1994) Cancer Res. M: 

6106/d1l4). 
hKGF 

a) Biochemical properties of hKGF 

Human Keratinocyte Growth Factor (hKGF) is a small (26-28KD) basic 
heparin-binding growth factor and a member of the FGF family. hKGF is a 
relatively newly identified molecule, which is also known as FGF-7 (Finch et ai, 
(1989) Science 244:752-755). It is a growth factor specific for epithelial cells 
(Rubin et ai, (1989) Pr^rM.tl Ar.d Sci USA J6:802-806), and its main function 
is in development/morphogenesis (Werner et al., (1994) ScknSS 2^:819-822) 
and in wound healing (Werner et ai, (1992) Pror Natl Acad Sci USA 
§9:6896-6900). The major in vivo source of hKGF is stromal fibroblasts (Finch et 
ai, (1989) Science 244:752-755). Microvascular endothelial cells (Smola et ai, 

(1993) I Cell Biol 122:417-429) and very recently, activated intraepithelial gd T 
cells (Boismenu et al., (1994) Sskncfi 2^:1253-1255) have also been shown to 
synthesize hKGF. hKGF expression is stimulated in wounds (Werner el al, 
(1QQ0) Pp . ]sJ.tl AraH Sci USA S£:6896-6900). Several cytokines are shown to 
be hKGF inducers (Brauchle era/., (1994) Qncsgsns 2:3199-3204), with IL-1 the 
most potent one (Brauchle et ai, (1994) Oncpgepe 2:3199-3204; Chedid et ai, 

(1994) T Biol Chem 262:10753-10757). Unlike bFGF, hKGF has a signal peptide 
and thus is secreted by producing cells (Finch et al., (1989) Sdsnce 244:752-755). 
hKGF can be overexpressed in E. coli and the recombinant protein (-19-21 KD) is 
biologically active (Ron et al, (1993) J Bi<?l Chem 2^:2984-2988). The E. coli 
derived recombinant protein is 10 times more mitogenic than the native protein 
(Ron et al, (1993) J Biol Chem 2^:2984-2988). This difference may be due to 
glycosylation. The native protein has a potential Asn glycosylation site (Ron et 
al, (1993) TRiolChem 2^:2984-2988). 

The hKGF bioactivity is mediated through a specific cell surface receptor 
(Miki et al, (1991) Science 211:72-75). The hKGF receptor is a modified FGF 
receptor resulting from alternative splicing of the C-terminal extracellular region 
of the FGF-R2 (Miki et al, (1992) ErocEatLAcalScLUSA 22:246-250). 



PCTAJS96/08014 

• u u v,t:r.F receotor express high affmity (-200 
Nm.-,T3 cells transfecied wuh the hkGF recepto P 

pM) binding sites for hKGF (Nto et al, (199.) 

P ^ u cnprific b nding sites per Nlti/ j i :> ceii 

89 ''46-250). The approximate number of specific mn . 

^ Aaronson personal communication). The 

,s about 500,000 (D. Bottaro and S. Aaronson, p 

u- hKGF and aFGF with similar affimt.es, and bFGF with 
, 5 hKGF receptor binds hKGF and aF 

about 20 fold less affinity (Miki et ai, (1991) S_mi^ ^ 

J c • ttc;a Rq-746-''50). A vanant of the hKGt- receptor 

Of heparin for aFGF (Spivak-Kroixman e, oL, (1994) £eU_ 

t) Role of hKGF in human disease 

There— ,hKGF«ol=cu,= hasbee„avai.aUeonlysu,ce.993. 

Wore *ere is HmUed infonnaUon on ,he ro>e of «CGF in h.»an ..sease. 
rpl*=.U.eran.re,.owever,eon..nsevi.ence*a.s™n..su.^^^^^^^^ 
orlnnaUeas, «vohun,andis=ases,n»e.y psoriasis and cancer. ^CGFhas 

l.eeni.p.ica.edin^a.nma,or..owe,dis=ase,P.nncM=rsonal 

20 communicalion). 

Psoriasis ^ ^ , 

PsoKasis is a siun disorder which can be debilitaring (Greaves . 

e^dtl—P-— onof— 

. linn 1) - ji inifi- iMn-ri-'" Medicine IIM '° 

25 dermal inHanimauon (Abel e, (199 ) ^-y^^^T,^^ no. yet an 

ni.l8 Greavese<a/.,(1995)lifllsiiisiaM-^-5'' 
effecuve — forpsoriasis(Anonyn,ous,(1993)Drug&Ma*e 

. 4 89 101- Abel«./.A1994)££kn!iiili^ni£D^^ '° 
Development 4.89-101, Abe, e ,881 Psoriasis occurs in 

,tl,8 Greaves«d.,(1995)liEDtiM£!taJl£J2.581-588). Pson 

; ™of epopuiationvviththehishestinciden^^ 
::;-:r9:::twase:ti:ated.at4.8mi.lionpeop,ea.ected.thpsorias.s 
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spent about S600 million for various drugs and related therapies, none of which is 
very effective. Most of the expenditure was made by about 400,000 patients with 
severe psoriasis spending $1,000-1,500 annually on treatment. There are about 
200,000 new cases of psoriasis every year. • 

The basic cause of the disorder is not knowTi, but it results from a primar>- 
or secondary defect in the mechanisms that regulate epidermal keratinocyte cell 
division (Abel et al, (1994) Scientific Am erican Medicine III-l to III-18). 
Psoriasis responds to steroids and cyclosporine and in that sense is characterized 
as an immune disease (Abel et al, (1994) Scientific American Medjcjne III-l to 
III-18). Since hKGF is the primary specific growth factor for keratinocytes, its 
overexpression and deregulation are primary candidates as the cause of 
keratinocyte hyperproliferation in psoriasis. The demonstration that the immune 
system is a prime regulator of hKGF release (Boismenu et al, (1994) Science 
266: 1253-1255; Brauchle et al, (1994) Oncogene 2: 3199-3204; Chedid et al, 
(1994) J_BmL£hem 262: 10753-10757) strengthens the notion that hKGF. 
deregulation is the cause of psoriasis. Furthermore, application of hKGF in 
porcine wounds creates a histological appearance resembling psoriasis 
(Staiano-Coico et al, (1993) J Ex Med m:865-878); keratinocyte derived hKGF 
in transgenic mice causes pathology reminiscent to psoriasis (Guo et al, (1993) 
F.MBO J 12: 973-986); in situ hybridization experiments demonstrated a 
moderate and a strong upregulation of hKGF and hKGF receptors respectively in 
psoriasis (P. Finch, personal communication). In sim hybridization experiments 
also demonstrated involvement of hKGF in another immune disease namely, 
inflammatory bowel disease (P. Finch, personal communication). 
Cancer 

It is well established in the literature that deregulation of the expression of 
growth factors and growth factor hKGF and/or its receptor is expected to be the 
transformation event in some human cancers. The transforming ability of the 
hKGF system has been demonstrated in vitro (Miki et al, (1991) Ssisnss 
211:72-75). In another study, carcinoma cell-lines have been found to express the 
hKGF receptor and to respond to hKGF but not to aFGF, while sarcoma cell-lines 
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do not express hKGF receptors and respond to aFGF but not to liKGF (Ishii et ai. 
( 1 994) Cancer Res 54:5 1 8-522). 
Gastrointestinal Cancer 

Several poorly differentiated stomach cancers have an amplified gene, 
5 designated K-sam, which is an isoform of the hKGF-receptor (Katoh et al, (1992) 

Proc Natl Acad Sci USA §9:2960-2964). In vivo administration of hKGF to rats 
causes proliferation of pancreatic ductal epithelial cell (Yi et al, (1994) Am J 
Pathol 145 :80-85), hepatocytes, and epithelial cells throughout die gastrointestinal 
tract (Housley Et ai, (1Q94;i J Clin Invest 94:1764-1777). 
^ 10 Lung Cancer 

f y Administration of hKGF to rats causes type II pneumocyte hyperplasia similar 

' J to the bronchoal veolar cell variant of lung carcinoma (Ulich et o/., ( 1 994) J CHn 

J,, Invest 21:1298-1306). 

Breast Cancer 

15 v/vo. hKGF causes mammary duct dilation and rampant epithelial 

hyperplasV both of which are common features of breast cancers (Ulich et a/., 
n994^ Am \ Pathol 144:862-868: Yi et al, (1994^ Am J Pathol 145:1015-1022). 
However, the Victal epithelium of breastfeeding rats is resistant to the growth 
promoting effectis of hKGF and this is of interest in regard to epidemiological 
20 observations that p^gnancy in women decreases susceptibility to breast cancer 
and that dairy cows almost never develop breast cancer (Ku2ina, 1977, Breast in 
Pathology, Mosby Co\ There is additional supporting evidence implicating 
hKGF in breast cancer. HKGF mRNA has been detected recently in nonmal 
human breast tissue and in \2 of 15 breast tumor samples tested (Koos et al, 
25 MQQ^^ T S;ternid Riochem Mot^c Biol 45:217-225). The presence of hKGF 

mRNA in breast tumors consideted in conjunction with the observation that hKGF 
is present in nonneoplastic mammary glands and that hKGF causes rampant 
proliferation of mammary epithelium, suggests that hKGF may be an autocrine or 
paracrine growth factor important in tWe regulation of the growth of normal and 
30 neoplastic mammary epithelium (Ulich eW, (1994) Am J Pathol 144:862-868). 
Infiltrating ductal mammary adenocarcinom^is characteristically enve^loped by a 
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^desrrtsmlasdc stroma that has been postulated to represent a defensive host 

respons^Vthe carcinoma (Ulich ei aL (1994) ^m J Pathql 144:862-868). Since 
hKGF is stromJKderived it is possible that the desmoplasmic stroma contributes 
rather than inhibits th^^rowth of the. tumor. 
5 Prostate Cancer 

le growth promoting effect of androgens on prostate tumors appears to 
be i^eJ/ateJlahrough hKGF (Yan et al., (1992) MoiJElld2^:2123-2I28), as 
androgens ind^ice the expression of hKGF in prostate stroma cells. Prostate 
tumors that are aiWrogen dependent in vivo, are androgen independent in vitro, but 
10 hKGF dependent (YWi et al, (1992) M2l.End2^:2l23-2128). In agreement with 
the role of hKGF as aridromedin is the observation that hKGF functions in 
epithelial induction durirte seminal vesicle development, a process that is directed 
by androgen (Alarid et a/.\ 1 994) Prnr.Natl Acad $q USA 21: 1 074- 1 078). 
Furthermore, hKGF causes aberrant activation of the androgen receptor, thus 
1 5 probably contributing to the faW of androgen ablation therapy in prostate cancer 
(Culig et al, (1994) Cancer Res 34:5474-5478). Based on this information, it is 
possible that genetic alterations caiAe hKGF to escape androgen regulation and 
thus convert the androgen dependent ftimor into an androgen independent, highly 
malignant tumor. Such tumors would stiH be able to express the androgen 
20 regulated marker PSA, as hKGF also caus^the aberrant activation of the 

androgen receptor. It is also likely that hKGPmight be responsible for Benign 
Prostate Hypertrophy (BPH), a common health p^blem in older men (D. Bottaro, 

pfrsnnill i ril inntinn) 

d) hKGF Competitors 

25 To date, a monoclonal antibody and a short hKGF-receptor derived peptide 

(25-mer) have been described as hKGF competitors (Bottaro et al, (1993) LBifil 
Chem 268 :9180-9183). The monoclonal antibody, designated 1G4, has a Kd of 
200pM for hKGF. The short peptide inhibits hKGF binding to the cell surface of 
NIH/3T3 cells expressing the human receptor with a of about 1-5 mM. Bottaro 

30 et al (WO 94/25057) provide hKGF-receptor peptides which inhibit binding 
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betwec KKGF and a. recep.or. Ai.o provided is a m=*od of assay.ng t«. 
compounds for .Ire abili.y .o inhibi. hKGF r=c=p.or.m.diated cell prolif=ra„or,. 
e) Assaying/or recaplor-growll, factor inurccion 
^{Uocking the interaction of grovvth factors and lymphokines with thetr cell 
5 surfaSeptor using antagorists has been an approach for disease treatment. 

The discoX of such antagonists requires the availability of biochemical assays 
for the recepV-owth factor or lymphoklne interaction. A classic assay has been 
,he competitiv^nhibition of radiolabeled grow* factor or lymphokine (tracer) .o 
i,s cell surface raptor. These types of assays utilize cell lines that express the 
relevant receptorX .heir surface and determines the amount of cell bound tracer 
in fte presence of vL- concentrations of potentid antagonists. Additionally, 
other assavs utilize m\mbr.u,e extracts from cell lines that express the relevant 
receptor, and tracer binVing is followed by frlter binding (see Nenquest Drug 
Discovery system: HuAan Tumor Necrosis Factor-Alpha, NEN Research 
Products, E. I. DePon. deVemours & Co. (Inc.), Boston, MA) or by immobilizmg 
the membrane extracts ont\soUd supports (Urdal « al., (1988) i£iM£hsm 
2^-2870-2877; Smith et A (1991) Ei!!SjLBii!Bh££i<immm335-342). 
Receptor induced electrophoU mobility shift of tracer has been applied to 
idemify the presence and sizeVceU surface receptors by crossUrWng the receptor 
,0 the tracer and then analyzingVn denaturing gels (for example see Kull e, aU 
(1,85) EEiUlMUsaiSriiJSA Y:5756-5760; Hohmann e.al.. (1989) 
ajBl2M-14927.14934;StauberW/.,(1989)m£iUta2M:3573-3576). 

The use of native gels and non-cro Wed complexes has not been described for 
growth factors or lymphokines and t\eir receptors, but has been widely apphed to 
25 study nucleic acid protein interactionksambrook (1989) Mtoto 

^ , ,w„o^Manual. Cold WngHarbor Laboratory. Cold Sptutg 

Screening of various cancer cell lines for the presence of hKGF receptors 
by PCR revealed that all carcinoma cell lines express hKGF receptor mRNA 
30 while sarcoma cell lines do not. The presence of mKKA does not necessan.y 

mean that hKGF receptor will be present on the surface of these celU. For hKGF, 
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only cell based assays have been described using Balb/TvIK keratinocvtes 
(Weissman, (1983) Cell 32: 599-606) or NIH/3T3 cells transfected with the 
hKGF receptor (Miki, (1992) Proc, Nad Acad ScL USA 89:246-250 ). 
SELEX 

.method for the in vitro evolution of nucleic acid molecules with highly 
specific binHing to target molecules has been developed. This method, Systematic 
Evolution of Lkands by Exponential enrichment, termed SELEX, is described in 
United States Patent Application Serial No. 07/536,428, entitled "Systematic 
Evolution of Ligands^by Exponential Enrichment," now abandoned, United States 
10 Patent Application Serik No. 07/714,131, filed June 10, 1991, entitled "Nucleic 
Acid Ligands," now U.S. Went No. 5,475,096, United States Patent Application 
Serial No. 07/931,473, filedVugust 17, 1992, entitled "Nucleic Acid Ligands," 
now United States Patent No.\270,163 (see also PCT/US9 1/04078), each of 
which is herein specifically incorporated by reference. Each of these applications, 
1 5 collectively referred to herein as thVsELEX Patent Applications, describes a 

fundamentally novel method for makli^g a nucleic acid ligand to any desired target 
molecul ei^ 

The SELEX method involves selection from a mixture of candidate 
oligonucleotides and step-wise iterations of binding, partitioning and 

20 amplification, using the same general selection scheme, to achieve virtually any 
desired criterion of binding affinity and selectivity-. Starting from a mixture of 
nucleic acids, preferably comprising a segment of randomized sequence, the 
SELEX method includes steps of contacting the mixture with the target under 
conditions favorable for binding, partitioning unbound nucleic acids from those 

25 nucleic acids which have bound specifically to target molecules, dissociating the 
nucleic acid-target complexes, amplifying the nucleic acids dissociated from the 
nucleic acid-target complexes to yield a ligand-enriched mixture of nucleic acids, 
then reiterating the steps of binding, partitioning, dissociating and amplifying 
through as many cycles as desired to yield highly specific, high affinity nucleic 

30 acid ligands to the target molecule. 
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the basic SELEX method has been modified to achieve a number of 
s^fi(3biectives. For example, United States Patent Application Serial No. 
07/960 093\filed October 14, 1992, entitled "Method for Selecting Nucleic Acids 
on the Basis\structure," describes the use of SELEX in conjunction with gel 
electrophoresis\select nucleic acid molecules with specific structural 
characteristics, su\as bent DN A. United States Patent Application Senal No. 
08/123.935, filed SeVember 17, 1993, entitled "Photoselection of Nucleic Acid 
Liaands" describes a ^EX based method for selecting nucleic acid ligands 
containing photoreactivlroups capable of binding artd/or photocrosslinkmg to 
and/or photoinactivating aW molecule. United States Patent Application 
Serial No 08/1 34,028, filed\ctober 7. 1993, entitled "High- Affinity Nucleic 
Acid Liaands That Discrimir.\e Between Theophylline and Caffeine," describes a 
method for identifying highly s^cific nucleic acid ligands able to discriminate 
between closely related molecule Wed "Counter-SELEX." United States 
Patent Application Serial No. 08/14^,564, filed October 25, 1993, entitled 
"Systematic Evolution of Ligands byW ponential Enrichment: Solution 
SELEX " describes a SELEX-based mVod which achieves highly efficient 
partitiomng between oligonucleotides ha\ing high and low affinity for a target 
molecule. United States Patent Applicatio\ Serial No. 07/964,624, filed October 
21 1992 entitled "Methods of Producing nW Acid Ligands" describes 
methodsfor obtaining improved nucleic acidWds after SELEX has been 
performed. United States Patent Application sU No. 08/400,440, filed March 
8, 1995, entitled "Systematic Evolution of LiganUy Exponential Enrichment: 
Chemi-SELEX," describes methods for covalently\nking a ligand to its target. 

; SELEX method encompasses the identification of high-affinity 
nucreic acidLands containing modified nucleotides conferring improved 
characteristic\the ligand. such as improved in vivo stability or improved 
delivery characterises. Examples of such modifications include chemical 
substitutions at the ri^e and/or phosphate and/or base positions. 
SELEX-identified nucl\acid ligands containing modified nucleotides are 
described in United States\tent Application Serial No. 08/1 17,991. filed 
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eptemberV 1993. entitled "High Affinity Nucleic Acid Ligands Containing 
Modified NudJeotides." that describes oligonucleotides containing nucleotide 
derivatives chemically modified at the 5- and 2'-positions of pyrimidines. United 
States Patent AppHpation Serial No. 08/134,028, supra, describes highly specific 
nucleic acid ligandslsontaining one or more nucleotides modified with 2'-amino 
(2'-NH,), 2'-fluoro (2'-k and/or 2'-0-methyl (2"-0Me). United States Patent 
Application Serial No. 0^064,029, filed June 22, 1994, entitled "Novel Method of 
Preparation of 2' Modified FVrimidine Intramolecular Nucleophilic 
Displacement," describes olig\iucleotides containing various 2'-modified 
ffyittuidiiiUii. 

le SELEX method encompasses combining selected oligonucleotides 
!he^selected oligonucleotides and non-oligonucleotide functional units as 
described inSUnited States Patent Application Serial No. 08/284,063, filed August 
2, 1994, entitled "Systematic Evolution of Ligands by Exponential Enrichment: 
Chimeric SELeV' and United States Patent Application Serial No. 08/234,997, 
filed April 28, 199^, entitled "Systematic Evolution of Ligands by Exponential 
Enrichment: Blendeld SELEX," respectively. These applications allow tiie 
combination of the broKd array of shapes and other properties, and the efficient 
amplification and replication properties, of oligonucleotides with the desirable 
properties of other moleculV Each of the above described patent applications 
which describe modificationsV the basic SELEX procedure are specifically 
incorporated by reference hereinSn their entirety. 

RRTFF SUMMARY OF THE INVENTION 

The present invention includes methods of identifying and producing 
nucleic acid ligands to transforming growth factor beta (TGFD), platelet-derived 
growth factor (PDGF), and human keratinocyte growth factor (hKGF), and 
homologous proteins, and the nucleic acid ligands so identified and produced. 
For tiie purpose of this application, TGFB includes human TGFDl, TGFB2, and 
TGFB3 and TGFB's that are substantially homologous thereto. By substantially 
homologous it is meant a degree of amino acid sequence identity of 70% or more. 
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. ,f ^^pHcauon. PDGF refers to PDGF AB. and BB 
por the purpose, ot th. ..p ^^^^^ .^^ 

.oforms and ho.olo.ous prote.n. Sp.c. _ 
human PDGF AB .d BB .soforms. n p— 

«,We of binding specifically to TGHn, f uur, 
,„..ea « a,e ^^^^ ^ ,.cif.caUy » 

TGF. ..d PDGF. spec 

sequences sho^v^,.n Tables ..U. „„GFe sho™ in Table 3 include 

: d L SELEX modifications. Also included in fte invennon are 

ssDNAUgandso TOT an i„„„aed in «s invention are 

9(SEQIDNOS:5.-89,9.-124,l71 1/0) „f tqfBI and hKGF, 

. fTrFBl and iJCGF that inhibit the function of TOHJl an 
R>JAligandsotTGFI!lantlt.K fTOFO and hKGF with their 

'^"er included inthisinventionisatnethodofidentifyinsnucleicacid 
,jrnucleicacid,i.andse.ences.oata.e^^^^^^^^^ 

— -"°^::i;:i~::"^^^^^^^^^^ 

— — - ^= » ,„ tar^e. and (c, 

rnentbersofsaidcantd— ^^^^ 

T'tC — ^^^^^^ 

" c",y thepresentinventionincludestheRNAandssDNA 

. ,:Tg;— acordinsto-heabove^^^^^^^^ 
l,gandstoTGFIi.dent,t, , ,,<,eoiDNOS-.1242, 55-89). Also 

,,ose,i.andssho.ninTables andM QJH^^^^ ^^^^^^^^^^^^^^ 

any oflhe given l.gands and that have invention ate nucleic 

inhibit the faction of TGF. Further included tn 

,0 acid ligands to TGF» that have substantially th. same stn-cnual fotn, 
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liuands presented herein and that have substantially the same ability to bind TGFB 
and inhibit the function of TGFB. 

Additionally, the present invention includes the ssDNA and RNA ligands 
to PDGF identified according to the above-described method, including those 
5 ligands shown in Tables 8 and 13, and Figures 3, 4, and 9 (SEQ ID NOS:93-124, 
128-176). Also included are DNA and RNA ligands to PDGF that are 
substantially homologous to any of the given ligands and that have substantially 
the same ability to bind PDGF. Further included in this invention are nucleic 
acid ligands to PDGF that have substantially the same structural form as the 
10 ligands presented herein and that have substantially the same ability to bind 
PDGF. 

) ' ^^^^addition, the present invention includes the RNA ligands to hKGF 

identified according to the above-described method, including those ligands 
shown in TableU6 and 23 (SEQ ID NOS:189-262, 272-304). Also included are 

1 5 RNA ligands to hlOSiF that are substantially homologous to any of the given 

ligands and that have substantially the same ability to bind hKGF and inhibit the 
interaction of hKGF with it^eceptor. Further included in this invention are 
nucleic acid ligands to hKGF tnht have substantially the same structural form as 
the ligands presented herein and thXhave substantially the same ability to bind 

20 hKGF and inhibit the interaction of hlOS^F with its receptor. 

The present invention also includes other modified nucleotide sequences 
based on the RNA ligands identified herein and mixtures of the same. 

Further included in this invention is a method of assaying a test compound 
for the ability to inhibit hKGF receptor-mediated cell proliferation comprising the 

25 steps of (a) contacting the test compound with a hKGF nucleic acid ligand and a 
keratinocyte grov^h factor; and (b) detecting the ability of the test compound to 
inhibit binding between the hKGF nucleic acid ligand and the keratinocyte growth 
factor. 

Also included in this invention is a method of assaying a test compound 
30 for the ability to inhibit the interaction of a growth factor with its plasma 

membrane bound receptor comprising the steps of (a) solubilizing cells containing 
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the plasma membrane bound receptor; (b) creating a plasma membrane extract of 
the cells; (c) reacting the extract with labeled growih factor alone and in the 
presence of the test compound thereby creating complexes; (d) analyzing the 
complexes by electrophoresis tinder native conditions; (e) visualizing the 
5 complexes by imaging; and (0 comparing the image of the extract with labeled 

growth factor alone to the image of the extract in the presence of the test 
compound to determine whether the test compound inhibited the interaction 
between the growth factor and its plasma membrane bound receptor. 

[ler included in this invention is a method for assaying cells to 
f 10 delelimne^iether they express a growth factor plasma membrane bound receptor 

comprising theVeps of (a) solubilizing the cells; (b) creating a plasma membrane 
extract of the cellk(c) reacting the plasma membrane extract with a labeled 
growth factor; (d) aiV zing the reaction between the plasma membrane extract 
with the labeled grovMlmctor by electrophoresis under native conditions; (e) 
1 5 comparing the electrophor^s of step (d) with electrophoresis of labeled growth 
factor; and (e) visualizing thWesults of the electrophoresis to determine whether 
a complex is formed with altereXpiobility relative to the mobility of a labeled 
UrnvYtti frirrnr "'^"^ 



RPTiry pFSrRTPTTON OF THE FIGURES 

Figure 1 shows the binding analysis of the 40D7 DNA library for TGFDl. 
Binding data obtained from Round 19 (triangles) and Round 0 (circles) are shown. 

Figure 2 shows the results of the PAI-luciferase assay of TGFBl (lOpM) 
25 incubated with oligonucleotides (0. \^M) or anti-TGFB (60 Mg/ml). 

Figure 3 shows the consensus secondary structure for the sequence set 
shown in Table 9. R = A or G, Y = C or T. K = G or T. N and N' indicate any 
base pair. 

Figure 4 shows the minimal ligands 20t, 36t and 41t folded according to 
30 the consensus secondary structure motif [3'T] represents a 3'.3" linked thymidine 
nucleotide added to reduce 3'-exonuclease degradation. 
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FiVures 5A. 5B and 5C show the binding of minimal high affinity DNA 
U^s to^GF-A.A, AB and BB, respectively. The fraction of '-P 5' end-labeled 
DNA ligandXound to varying concentrations of PDGF was determined by the 
nitrocellulose fiher binding method. Minimal ligands tested were 20t (o), 36t (A), 
and 41t (■). Olig^ucleotide concentrations in these experiments were =10 pM 
(PDGF-AB and PDGKtBB) and =50 pM (PDGF AA). Data points were fitted to 
eq. 1 (for binding of theWlA ligands to PDGF-AA) or to eq. 2 (for binding to 
PDGF AB and BB) usingV non-linear least sqtiares method. Binding reactions 
were done at 37X in bindingyfer (PBSM with 0.01% HSA). 

y^. Figure 6 shows the dissociation rate determination for the high affinity 
intelSioAetween the minimal DNA ligands and PDGF AB. The fraction of 5' 
«P end-label^Iigands 20t (o), 36t (A), and 41t (■), all at 0.17 nM, bound to 
PDGF AB (1 1\) was measured by nitrocellulose filter binding at the indicated 
time points foUowkg the addition of a 500-fold excess of the unlabeled 
competitor. The disLiation rate constant (Ktd values were determined by fitting 
the data points to eq 3\he experiments were performed at 37»C in binding 

^iigttre^^hews- the effect of DN Arligands oa4heiindiflg of '"I-PDGF BB 
^uid'^'^I PDGF AA lu PDOr a r eeeptorii cxp iu& a d in P/iE c gU s 

Figure 8 shows the effect of DNA ligands on the mitogenic effect of 
PDGF-BB on PAE cells expressing the PDGF fi-receptors. 

Figure 9 shows the 2'-0-methyl-2'-deoxy- and 
2'-fluoro.2'.deoxyribonucleotide-substitution pattern compatible with high affinity 
binding to PDGF-AB. Underlined symbols indicate 
2'-0-methyl-2'-deoxynucleotides; italicized symbols indicate 
2'-fluoro-2'-deoxynucleotides; normal font indicates 2'-deoxyribonucleotides; 
[3'ri indicates inverted orientation (3'3') thymidine nucleotide (Glen Research, 
Sterling, VA); PEG in the loops of helices II and III indicates pentaethylene glycol 
spacer phosphoramidite (Glen Research, Sterling, VA). 

Figure IDA shows the saturation binding of radiolabeled hKGF on the 
surface of the PC-3 cells. TB (total binding) is the binding observed in the 
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1 M hliGF whersas NSB (nonspeciflc binding) is the 
absence of compelms unlabeled hkOf .'■<■■ , , ...j ui^rF 

SB <sp ciflc binding) —e s .be specif.c binding, and ,.s c.^= 
,.id by subuacUn, >h= KSB c„.= fro. .he TB curve. F.gure ,0B ,s .he 
5 Sca.chardana.ysisof.heda.apoin.ssho™in.OAfor.heSBc^e. 

Fi..e 1 . shows .he shift of .he ele«rophore,ic .obili.- due .0 plasma 
.embran: e.,rac,s fton, PCS cells. In lanes 1-8, .he .e^brane ex„ae.s were 
led wi.h various concen.ra.ions of radiolabeled hKOF as sho.. under each 
: . ,naddi.,on.o.eradio,abe,edhKOP(asshow.undereach>.^^^^^^^^^^^ 

,0 9.P a .00 fold molar excess was included of unlabeled hKOF. CI and C2 

" i;:esen..oobservedco.p.e«sdue.o.heprese„ceofbKOFb.nd.n..o.e..es 

in the PC-3 plasma membrane extracts. 

Us,2A.Dshow.heproposedal.snmen,of2Tand2.,H.Uga„ds. 

,3 ..p,a.e..n«,econsen.sse,ue„ces,capiu.and,owercase.enersareused« 
J„esfoundin.rea.er.hanore,uaHoS0%3nd60.or*e,nen.bers^^^^ 
f^UyrespeCively. ..and., valuesare also sho«nnex..o*edes.sn^..onof 

each ligand. The K. values shown here were ca.cula.ed using formula 
K=,C50/(1«. where .C50 is ..e measured half maximal ~ 
,0 cncen.ra.ionofeachUgandi„*ePC-3ce..assayasdescribedmExamp..^, 

i.heconcen.raUonof«;ar,d...s*ee,u«lbr.umdissoc.a..oncons.3n.of 

. V, „♦ 1 nM^ The ligands marked with stars show 
KGF for its receptor, (about 150 pM). i ne ug<u 

biohasic binding curves. 

figures 12A ar,d 12B show ,he proposed alignmen. of 2T ..gands. TTe 
,3 maioHr.of2..igandscanbefo.ded.n.opseudo.o.s™c™res.Two^l^^^^^^ 

p, posed as shown. The summary sm-cnrre for each class .s also shown. B.es 
prcipa.ingins.=mUS.)areunderlined^.hslng.eUneswhilebasesors.m2 

are under.ined wi* doub.e .ines. Spaces were in.oduced for ahgr^en. of 
the various Cements of the pseudota.o.s. 

Figu«s .2C and .2D show *e proposed folding of 21ffl. Ugands. T ese 
„gandsareassignedin.o,woclasses. As shown in the summary s..c»es. class 
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1 and class 2 ligands can form a stem-loop and dumbbell structure, respectively. 
Spaces were introduced to allow sequence alignment. Residues participating in 
stems are underlined. In the summary structures, periods (.) indicate a variable 
number of residues. Ligands 2N and 54N are circular permutations of the same 
dumbbell structure. For alignment of the corresponding loops these ligands are 
wrapped around two lines. 

Figure 13 shows the minimal sequence requirement for binding of ligand 
6F and 14F to hKGF. The predicted folding of each ligand is shown. Constant 
regions of the ligands are shown in lower case. Conserved sequences are 
underlined. Circles and triangles mark the 3' ends of active and inactive truncates 
respectively. 



/2 [1 application describes high-affmity nucleic acid ligands to TGFp, 



OFTATT.FD DESCRTPTTON OF THF INVENTION 

1 5 PD^^anXhKGF identified through the method knovm as SELEX. SELEX is 
described inVs. Patent Application Serial No, 07/536,428, entitled Systematic 
Evolution of Likands by Exponential Enrichment, now abandoned, U.S. Patent 
Application SeriaKNo. 07/714,131, filed June 10, 1991, entitled Nucleic Acid 
Ligands, United Sta^ Patent Application Serial No. 07/931,473, filed August 17, 
20 1992, entitled Nucleic Acid Ligands, now United States Patent No. 5,270,163, 

(see also PCT/US9 1/04078). These applications, each specifically incorporated 
herein by reference, are coll^tively called the SELEX Patent Applications. 

In its most basic form, the SELEX process may be defined by the 
following series of steps: 
25 1 ) A candidate mixture of nucleic acids of differing sequence is prepared. 

The candidate mixture generally includes regions of fixed sequences (i.e., each of 
the members of the candidate mixture contains the same sequences in the same 
location) and regions of randomized sequences. The fixed sequence regions are 
selected either; (a) to assist in the amplification steps described below, (b) to 
30 mimic a sequence known to bind to the target, or (c) to enhance the concentration 
of a given structural arrangement of the nucleic acids in the candidate mixture. 
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The randomized sequences cir. be totally randomized (i.e., the probability of 
finding a base at any position being one in four) or only panially randomized (e.g., 
the probability of finding a base at any location can be selected at any level 
between 0 and 1 00 percent). 

5 2) The candidate mixture is contacted with the selected target under 

conditions favorable for binding between the target and members of the candidate 
mixture. Under these circumstances, the interaction between the target and the 
nucleic acids of the candidate mixture can be considered as forming nucleic 
acid-target pairs between the target and those nucleic acids having the strongest 

10 affinity for the target. ^ 

3) The nucleic acids with the highest affinity for the target are partitioned 
from those nucleic acids with lesser affinity to the target. Because only an 
extremely small number of sequences (and possibly only one molecule of nucleic 
acid) corresponding to the highest affinity nucleic acids exist in the candidate 

1 5 mixture, it is generally desirable to set the partitioning criteria so that a significant 
amount of the nucleic acids in the candidate mixture (approximately 5-50%) are 
retained during partitioning. 

4) Those nucleic acids selected during partitioning as having the relatively 
higher affinity to the target are then amplified to create a new candidate mixture 

20 that is enriched in nucleic acids having a relatively higher affinity for the target. 

5) By repeating the partitioning and amplifying steps above, the newly 
formed candidate mixture contains fewer and fewer weakly binding sequences, 
and the average degree of affinity of the nucleic acids to the target will generally 
increase. Taken to its extreme, the SELEX process will yield a candidate mixture 

25 containing one or a small number of unique nucleic acids representing those 

nucleic acids fi-om the original candidate mixture having the highest affinity to the 
target molecule. 

The SELEX Patent Applications describe and elaborate on this process in 
great detail. Included are targets that can be used in the process; methods for 
30 partitioning nucleic acids v,ithin a candidate mixture; and methods for amplifying 
partitioned nucleic acids to generate enriched candidate mixture. The SELEX 
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Patent Applications also describe ligands obtained to a number of target species, 
including both protein targets where the protein is and is not a nucleic acid 
binding protein. 

^ Tfte nucleic acid ligands described herein can be complexed with a 
5 lip^Wlic Xpound (e.g., cholesterol) or attached to or encapsulated in a comple.x 
comprised of hnophilic components (e.g., a liposome). The complexed nucleic 
acid ligands canWiance the cellular uptake of the nucleic acid ligands by a cell 
for delivery of the Vcleic acid ligands to an intracellular target. U.S. Patent 
Q Application No. 08/4^,465, filed May 4. 1995, entitled "Nucleic Acid Ligand 

% 10 Complexes," which is iWrporated in its entirety herein, describes a method for 

[; preparing a therapeutic o\iagnostic complex comprised of a nucleic acid ligand 

r 3 and a lipophilic compound X non-immunogenic, high molecular weight 

The methods described herein and the nucleic acid ligands identified by 
15 such methods are useful for both therapeutic and diagnostic purposes. Therapeutic 
uses include the treatment or prevention of diseases or medical conditions in 
human patients. Diagnostic utilization may include both in vivo or w vitro 
diagnostic applications. The SELEX method generally, and the specific 
adaptations of the SELEX method taught and claimed herein specifically, are 
20 particularly suited for diagnostic applications. SELEX identifies nucleic acid 
ligands that are able to bind targets with high affinity and with surprising 
specificity. These characteristics are, of course, the desired properties one skilled 
in the art would seek in a diagnostic ligand. 

The nucleic acid ligands of the present invention may be routinely adapted 
25 for diagnostic purposes according to any number of techniques employed by those 
skilled in the art. Diagnostic agents need only be able to allow the user to identify 
the presence of a given target at a particular locale or concentration. Simply the 
ability to form binding pairs with the target may be sufficient to trigger a positive 
signal for diagnostic purposes. Those skilled in the art would also be able to adapt 
30 any nucleic acid ligand by procedures known in the art to incorporate a labeling 
tag in order to track the presence of such ligand. Such a tag could be used in a 
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number of diagnostic procedures. The nucleic acid ligands described herein may 
specifically be used tor identification of the TGFp. PDGF, and hKGF proteins. 

SELEX provides high affinity ligands of a target molecule. This 
represents a singular achievement that is unprecedented in the field of nucleic 
acids research. The present invention applies the SELEX procedure to the specific 
targets of TGFp, PDGF, and hKGF. In the Example section below, the 
experimental parameters used to isolate and identify the nucleic acid ligands to 
TGFp, PDGF, and hKGF are described. 

In order to produce nucleic acids desirable for use as a pharmaceutical, it is 
preferred that the nucleic acid ligand (1) binds to the target in a manner capable of 
achieving the desired effect on the target; (2) be as small as possible to obtain the 
desired effect; (3) be as stable as possible; and (4) be a specific ligand to the 
chosen target. In most situations, it is preferred that the nucleic acid ligand have 
the highest possible affinity to the target. 
1 5 /If n co-pending and commonly assigned U.S. Patent Application Serial No. 

Ollmm^, filed October 21, 1992 ('624), now U.S. Patent No. 5,496,938, 
methods We described for obtaining improved nucleic acid ligands after SELEX 
has been ^rformed. The '624 application, entitled Methods of Producing Nucleic 
Acid Ligands, is specifically incorporated herein by reference. Further included in 
20 this patent artf^ethods for determining the three-dimensional structures of nucleic 
acid ligands. Soch methods include mathematical modeling and structure 
modifications of me SELEX-derived ligands, such as chemical modification and 
nucleotide substitution. 

In the present invention, SELEX experiments were performed in order to 
25 identify RNA and DN A ligands with specific high affinity for TOP p 1 from 

degenerate libraries containing 40 or 60 random positions (40N or 60N) (Tables 1 
and 5). This invention includes the specific RNA ligands to TGFpi shown in 
Table 3 (SEQ ID NOS: 12-42), identified by the methods described in Examples 1 . 
and 2. This invention fiirther includes RNA ligands to TGFp which inhibit 
30 TGF p 1 ftinciion, presumably by inhibiting the interaction of TGF p 1 with its 

receptor. This invention includes the specific ssDNA ligands to TGF pi shown in 
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Table 6 (SEQ ID NOS:55-89) identified by the methods described in Examples 5 
and 6. 

In the present invention, two SELEX experiments were also performed in 
order to identify ssDNA and RNA with specific high affinity for PDGF from 
degenerate libraries containing 40 and 50 random positions (40N and SON), 
respectively (Tables 7 and 12). This invention includes the specific ssDNA and 
RNA ligands to PDGF shown in Tables 8, 9 and 13 and Figures 3, 4, and 9 (SEQ 
ID NOS:93-124, 128-176 ), identified by the methods described in Examples 7 
and 15. 

in the present invention, a SELEX experiment was also performed in 
seichoHLNA ligands with specific high affinity for hKGF from degenerate 
libraries confining 40 random positions (40N) (Table 14). This invention 
includes the sXfic RNA ligands to hKGF shown in Tables 16 and 23 (SEQ ID 
NOS: 189-262, 27^04), identified by the methods described in Examples 16 and 
17. This invention M^er includes RNA ligands to hKGF which inhibit the 
interaction of hKGF witfisks receptor. 

y-g^e scope of the ligands covered by this invention extends to all nucleic 
acid Ugani of TGFp, PDGF, and hKGF, modified and unmodified, preferably 
those identifhd according to the SELEX procedure. More specifically, this 
invention includes nucleic acid sequences that are substantially homologous to the 
ligands shown inVables 3. 6, 8. 9, 13, 16, and 23 and Figures 3, 4, and 9 (SEQ ID 
NOS:12-42, 55-89^3-124, 128-176, 189-262, 272-304). By substantially 
homologous it is meaKt a degree of primary sequence homology in excess of 70%, 
most preferably in exce\^of 80%. A review of the sequence homologies of the 
nucleic acid ligands show^n Tables 3 and 6 (SEQ ID NOS.:12-42, 55-89) for 
TGFP. Tables 8 and 13 (SEQsID NOS:93.124, 128-170) for PDGF, and Tables 16 
and 23 (SEQ ID NOS: 1 89-262^72-304) for hKGF shows that sequences with 
little or no primary homology ma)^ve substantially the same ability to bind a 
given target. For these reasons, this invention also includes nucleic acid ligands 
3 that have substantially the same structurti and ability to bind TGF p, PDGF, and 
hKGF as the nucleic acid ligands shown iriSTables 3, 6, 8, 9. 13, 16, and 23 and 
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,_3,4.a„d9,SEQ.DNOS:U-4:,5^S9.«.n..P-S-W6.,m .2^^ 
; S..^., .he 3a.c for PDOF .n.u.cs nuCc ac. „sa.<. 

having ine con t j TfiFB PDGF or hKGF means 

,0 PDGF. Subsmtially the same ab,l,ty to bmd TGFP, PDGF, or 
a. .he affinrry is -.hin one or two orders of magnimde ot*e afr.n,.>- of *e 
: ledherein.UU»en..Hn.es«nof.oseoford,nar.s«U.^ 

:„de.er..e™..hera.Wense,ue„ee..s— 

.peciflcany described here™ - has subsranrUUy .he same ab.Ury .o bmd TGFp, 

PDGF, or hKGF. . 

/ITWs invention also includes *= ligands as descnbed above, wherem 
ceficlicai modif.ca.ions are made in order .0 increase .he ■„ v,vo s...,^ of 
r.i.andIo enhar^ce or mediate *e delivery of .he U,and. Examp.^ of such 
roIfica.ionlc,ude chemica, subs,i..ions a, .he sugar and/ or phosphate and^or 
moditicaiions m ^ „ T I S Patent Appl cation 

base positions o\a given nucleic acid sequence. See, e.g., U.S. Paten pp 
SeHaNo.0S/,A9,.f..edSep..mber9..993,e„titledHighAif.nttyNucle.c 

LdUsandsConingMcdiftedHucleo.ides«Mchissp.cir.cal,y,ncotpora«^ 

Ceinbyreference.V"— ---°™""°""^"T r 
„.Suchmodir,catio\maybemadepost.SBLEX(modir.ca.io„ofprev.^^^ 

identified modified or ^nodified ligands) or by incorporation tnto d,e SELEX 



Example 20 describes post-SELEX procedure modificafion of a nucleic 
,,aUgandtobasicr,brob.as.grow.hfac.or(bFOP,.The„uc,eicacid.ig^v« 

modified by the addition of phosphorothioate caps and substtnttton of several 

ribopurineswithWeoxy-Z-O-methylpurines. 

M described above, because of their ability to selecttvely btnd TGFp, 
PDGF,andbKGF,the nucleic acidligandstoTGFMDOF.andhKGF descnbed 

herein are useful as phannaceuUcals. This invenuon, therefore, also mCudes a 
rodLtreatingrGF-p-mediatedpathologicalconditionsbyadm^^^^^^ 
.„udeicacidligandcapableofbinding.oTGF|!,ame&odfor.reaung 

;;:::eldpa.ho,ogica,cond..ionsbyadminis..ionofa 
capable of binding .o PDGF. and a method for .reating hKGF.media.ed 
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pathological conditions by administration of a nucle.c ac.d U,^ capable of 
bindins to hKGF. 

Therapeutic compositions of the nucleic acid ligands may be administered 
parenterally by injection, although other effective administration forms, such as 
intraarticular injection, inhalant mists, orally active formulations, transdermal 
iontophoresis or suppositories, are also envisioned. One preferred carrier is 
phvsiological saline solution, but it is contemplated that other pharmaceuttcally 
acceptable carriers may also be used. In one preferred embodiment, it is 
envisioned that the carrier and the ligand constitute a physiologically-compatible, 
slow release formulation. The primary solvent in such a carrier may be either 
^ aqueous or non-aqueous in namre. In addition, the carrier may contain other 

pharmacologically-acceptable excipients for modifying or maintaining the pH. 
osmolarity, viscosity, clarity, color, sterility, stability, rate of dissolution, or odor 
of the formulation. Similarly, the carrier may contain still other 
pharmacologically-acceptable excipients for modifying or maintaining the 
stability, rate of dissolution, release, or absorption of the ligand. Such excipients 
are those substances usually and customarily employed to fomiulate dosages for 
parental administration in either unit dose or muUi-dose form. 

Once the therapeutic composition has been formulated, it may be stored in 
,0 sterile vials as a solution, suspension, gel, emulsion, solid, or dehydrated or 
lyophilized powder. Such formulations may be stored either in a ready to use 
form or requiring reconstitution immediately prior to administration. The manner 
of administering formulations containing nucleic acid ligands for systemic 
delivery may be via subcutaneous, inU:amuscular. intravenous, intranasal or 

25 vaginal or rectal suppository. 

The following examples are provided to explain and illustrate the present 
invention and are not intended to be limiting of the invention. Examples 1-4 
describe initial experiments to identify RNA with specific high affinity for 
TGFpl. Example 1 describes the various materials and experimental procedures 
30 used in Examples 2-4. Example 2 describes a representative method for 

identifying RNA ligands by the SELEX method which bind TGFp 1. Example 3 
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describes .IK anm,uos .he l,...ds have for TCF p 1 and demons.ra.es .ha. Ae 
h^ands are capable of.nhibi.ing .he funcion of TOFpl, presumably by i„h,b,..ns 
.h'e in.erac.ion of TOFp 1 vvi.h i.s recep.or. Example 4 describes which reg.ons o: 
,he ligands are believed .o be necessary- for TGFP 1 binding and inhibi..on of 
TOFP 1 recepror binding. Example 5 describes another represemame metod for 
identifying R-X'A and DN A ligands by .he SELEX merhod which bind TGFp 1. 
Example 6 reporrs on .he binding analysis, bioassay, and sequences of a ssDN A 
SELEX librarv. Example 7 describes the various materials and expenmental 
procedures used in evolving ssDNA ligands to PDGF described in Examples 8-13. 
Exantple 8 describes the ssDNA ligands to PDGF and the predicted secondary 
smicture of selected nucleic acid ligands. Example 9 describes .he minimal 
sequence necessaty for high affimty binding. Example 10 describes the kinettc 
stability ofPDGF-NuclcicAodLigand complexes. Example 1 1 descnbes the 
thermal melting properties for selected ligands. Example 12 describes photo- 
crosslinking of nucleic add ligands and PDGF. Example 13 describes the 
inhibition by DNA ligands of PDGF isotorms on cultured cells and inhibition of 
the mitogenic effecu of PDGF in cells by DNA ligands. Example 14 descrtbes 
the modiHcation of nucleic acid ligands to PDGF with modified nucleotides. 
Example 15 describes the experimental procedures used in evolving RNA l.gands 
,0 PDGF and shows the ligand sequences. Example 16 describes the various 
materials and experimental procedures used in evolving nucleic acid ligands to 
hKOF described in Examples 17-19. Example 17 describes the RNA ligands to 
hKGF the afTmities the ligands have for hKGF, and the specificity of the RNA 
ligands ,0 hKGF. Example 18 describes inhibition of hKGF binding to cell 
surface receptors. Example 19 repots on the inhibition of mitogenic activity of 
hKGF by a selected ligand. Example 20 describes the modification of nudetc acid 
ligands to bFGF v»ith 2'-deoxy-2'-0-methylpurines. 



30 
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EXAMPLES 

EXAMPLE 1. EXPERIMENTAL PROCEDURES 

This example provides the general procedures followed and incorporated 
in Examples 2-4. 

A, Materials. 

Human recombinant TGFBl used in this SELEX procedure was acquired 
from Genentech. Human recombinant TGFBl can also be purchased from R&D 
systems, Minneapolis, MN, USA. 

yOifiiiotinylated TGFBl was prepared by reacting TGFBl at 3.6 ptM with an 1 1 



fold molaXexcess of sulfo-NHS-biotin (Pierce, Rockford, IL, USA) in 50mM 
NaHCOj fo\ 3 hr. in an ice bath. The reaction was acidified with 0.036 volumes 
of 1 0% acetiaacid and applied to a 40 mg. Vydac (The Separations Group, 
Hesperia, C A, VISA) reverse phase column made in a siliconized pipet tip to 
separate unreactad biotin from biotinylated TGFBl . The column was prewashed 
with 200 Ail ethandJ followed by 200 m1 1% acetic acid, the biotinylation reaction 
was applied, free biotin was washed through with 200 fA of 50 mM sodium acetate 
pH 5.5, followed by 100 a^I of 20% acetonitrile and fmally eluted with 200 ^1 of 
60% acetonitrile. The^ample was lyophilized and resuspended in 50 mM sodium 
acetate pH 5.0 at 40 ^MSmid stored at 4° C. The TGFBl was spiked with 100,000 
cpm iodinated TGFBl in c&rder to follow recovery and to assess the success of the 
biotinylation reaction by mVasuring the fraction of the radioactivity that would 
bind to streptavidin coated agarose beads (Pierce) before and after biotinylation. 
An aliquot of the TGFBl before and after biotinylation was subjected to analytical 
reverse phase chromatography. Vfhe biotinylated TGFBl substantially ran as a 
single peak which was retarded wdth respect to the unbiotinylated TGFB. A small 
amount (5 %) of unreacted TGFBlXcould be detected. The efficiency of binding of 
the iodinated, biotinylated TGFBl t\ streptavidin (SA) agarose beads (30^1) was 
30 % under the binding conditions usVd for SELEX partitioning. 

Iodinated TGFBl was prepared by the lactoperoxidase method (50mM 
sodium phosphate pH 7.3, 0.16% glucose) with BioRad Enzymo beads (BioRad, 
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Richmond. CA, USA) and the bound iodine separated from ihe free iodine by ge! 
filtration on G25 Sephadex in 50 mM sodium acetate 0.01% Tween. 

The mink lung cell line expressing the luciferase reporter gene under the 
control of PAI 1 promoter (Abe et al. (1994) Anal, pipchem . 21^:276-284) was a 
5 gift from Dr. Dan Rifkin (Department of Cell Biology, New York Medical Center, 
New York, New York 10016). Luciferase was assayed by reagents purchased 
from Analytical Luminescence Laboratory, San Diego, CA, USA. 

2'- NH, modified CTP and UTP were prepared according to the method of 
[3 Pieken et al. (1991) Science 251:314-3 17. DNA oligonucleotides were 

W 10 synthesized using standard procedures either at NeXstar Pharmaceuticals, Inc. 

ElJ (Boulder, CO, USA) or by Operon Technologies (Alameda, CA, USA). All other 

[jj reagents and chemicals were purchased from standard commercial sources and 

" sources have been indicated. 

Q R .SF.LFX procedure 

15 >-,^LEX ligands that bind to TGFCl were derived essentially as described 

^ in'a? pLnt No. 5.270,163 (see a lgg .Tuerk and Gold (1990) Science 

u! 249:505-51^. To generate the starting pool of PCR template. PGR product from 

twenty separate PCR reactions each containing 16.1 pmol of unpurified, single 
stranded DNaW least a total of 2 x 10'- to 2 x lO'Mifferent molecules) were 
20 pooled before thkfirst transcription. PCR conditions were 50 mM KCl, 10 mM 
Tris-HCL, pH 9, 0^% Triton-XlOO, 1.5 mM MgCU, 0.2 mM of each dATP. 
dCTP, dGTP, and dTTP, 2mM each primer and 0.075 units//il of Taq DNA 
polymerase, 100 m1 pe^reaction in a siliconized microfiige tube. All PCR cycles 
took advantage of hot start using Ampliwax (Perk and Elmer, Norwalk. CN, 
25 USA). Duration of the Lial PCR was 10 cycles; a PCR cycle was 94° C-1'. 52» 
C-r, 72° C-2*. An initial denaturation was 94° C for 4' and the final extension at 
72° C for 5'. PGR reaction^were combined, phenol/ chloroform extracted, and 
isopropanol precipitated (2.0^1 ammonium acetate, 50% isopropanol) to remove 

30 Transcription reactions contained 200 nM DNA, 0.9 mM GTP, 0.9 mM 

2'-NH,-UTP, 0.9 mM 2'-NH:-CTP, 0.5mM ATP, 87 mM Tris-HGl pH 8.0, 17 mM 
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MaCU, 4.4 mM spermidine. 22 mM DTT. 100 yug/ml acetylated BSA (Promega. 
Madison, \VI, USA) and 4 units/pil T7 RNA polymerase. ( 2'-F-UTP and 
2'-F-CTP (United States Biochemical, Cleveland, OH, USA) were used at 3.0 
mM, whereas UTP and CTP were used at 0.9mM each). Transcription reactions 
were incubated overnight at 28° C (at least 10 hours). After transcription the 
template was digested by addition of 2^1 RQl Dnase (Promega) for 15' at 28° C, 
and then extracted with phenol/CHClj, followed by three ethanol precipitations 
from ammonium acetate (3.9M ammonium acetate, 72% ethanol). 

The RNA molecules were incubated with TGFBl bound to S.A agarose 
beads as described below in Krebs-Ringer solution (KR) (120 mM NaCl, 4.8 mM 
KCl, 1 0 mM Na phosphate buffer pH 7.4, 1 .2 mM MgS04, 2.6 mM CaCU) 
modified to include 20mM Na-Hepes pH 7.5 and 0.2% Triton XI 00 (Pierce). 
This buffer is referred to as KRHT. 

y<5lYGFI31-RNA complexes were separated from unbound RNA by washing 
the beadA Recovery of the selected 2'-NH2 or F pyrimidine modified RNA from 
the agaros^beads required guanidine thiocyanate extraction (5M GnSCN, 10 mM 
Tris-HCl, 0.\mM EDTA, pH 7.0, 0.IM beta mercaptoethanol) or from Seradyne 
SA coated be^s by 2% SDS (0.1 M Tris-HCl pH 7.5, 50 mM NaCl, 1 mM 
Na^EDTA, 2% BDS, 1.5mM DTT). Regular 2'-0H RNA was easily recovered 
under less harsh Vonditions with the same buffer used for the Seradyne beads 
containing only 0!C% SDS. After extraction and precipitation to purify and 
concentrate the Rm., the sample was reverse transcribed with a cloned MMLV 
RT with the RNase H sequence deleted. The reaction contained less than or equal 
to 16 nM RNA, 10 mV 3' primer, 50 mM Tris-HCL pH 8.3, 75 mM KCl, 5 mM 
MgClz, 10 mM DTT, Vs mM dNTP's. Prior to addition of buffer the RNA and the 
primer were boiled togddier. After addition of buffer and salts the reaction was 
annealed for 10 min at 28^ C before addition of 600 units of Superscript reverse 
transcriptase (Bethesda Rdsearch Labs, Gaithersburg, MD, USA) and synthesis at 
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PCR .m,pHnca,ion of this cDNA «1 pn-ol, .esuUcd in approx.:r,a«:y 250 
p„o, aoub,e-s.rand.d DNA, of .h,s. .Opmols was .a„.crlb=d ar.i used » in.ua.e 
the next round of SELEX. 

^ pn,-titinnina M ft*'"^ SF.LEX. 

3 pmols biounylated TGFBl were bound to 30 .1 SA agarose beads 
(Pierce) ir, 200 ,i fCRHT. The mixture was incubated on a rotator at 37'C for 1 . 
,0 30 minutes. The beads were washed three titnes by cemrifogation and 
„sion in 200 cold KRHT to remove unbound TGFB, , and resuspended 
i„ a final volume of 500 .1 KRHT. RKA containing r-NH, pyrimidincs was 
heated at 70= C for three minutes (RKAs containing 2'-0H or r-F pyrimidtnes 
were heated a, 95» C) and dtluted imo KRHT contaitung TGFDl bound ,0 SA 

. , » ,,;on of RN \ is 1 uM and the TGFDl was 5nM. Binding 

beads The final concentration ot KINA is i mm mi 

occurs with rotation at 37° C for 30 minutes. Beads were washed by 

c.;«n tHrPP times with 200 ^A binding buffer to remove 
centrifugation and resuspension three times wim 

unbound RNA. RNA was eluted from the beads as described above. 

P Pin'^i^g assays. 

Two binding assays for ligands to TGFBl gave equivalent results wherever 
tested l„,heSAbeadassay,hebio.tayU<edTGFm was serially diluted ,„ KRHT 
in polypropylene tubes (Linbro, ICN, Irvine, CA, USA) and bound to the beads . 
described above. After unbound TGFBl was washed away, uace quanuttes of "P 
-labeled RNA(<0.1 nM) were added to each tube and vortexed to mix. Afier stattc 
incubation at 37'C for 30 minutes, .he unbound RNA was removed by washmg 

three times with 200 m1 of KRHT. 

In the nitrocellulose filter binding assay, TGFBl was serially diluted m 
KRH con^tining 0.1% defaned BSA (Fluka radioimmunoassay grade, Fluka, 
Hauppauge, NY, USA) as earner instead of Triton X-.OO. Incubation with RNA 
tracer was as above. Samples were pipened with a muhiwell ptpenor onto a 
multiwell manifold holding a sheet of wet BioRad 0.45 micron niuocellulose, 
aspirated, and washed three times with 200 .1 KRH (containing no BSA). The 
filters were air dried and counted in a liquid scintillation counter (Beckmann 
Instruments, Palo Alto, CA) 
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The equation used to fit the binding of ligands to TGFBl describes the 
binding of a ligand to a receptor (in this case TGFBl) that follows the laws of 
mass action and for which there is a single binding site: Y-Bma\*X/'(Kd+X): 
where Y is the fraction of the ligand bound, B^^,^ is the maximum fraction of the 
5 ligand bound, X is the concentration of TGFBl and Kd is the dissociation constant 

of TGFBl and the ligand. Data points were fit by nonlinear regression using the 
computer program Graphpad Prism (Graphpad Software, San Diego, CA). The 
algorithm minimized the sum of the squares of the actual distance of the points 
from the curve. * Convergence was reached when two consecutive iterations 
10 changed the sum-of-squares by less than 0.01%. 
E. Cloning and Sequencing. 

SELEX experiments are described in Table 2. Primers for SELEX 
experiments 1 and 2 shown in Table 1 contain recognition sites for the restriction 
endonucleases Sad (5' primer T7SacBam; SEQ ID N0:7) and Xbal (3' primer 

15 3XH; SEQ ID N0:9). PGR products from SELEX experiments 1 and 2 were 
cloned directionally into Sacl/Xbal digested pGem 9zf (Promega). 5' primer 
T7SB2N (SEQ ID N0:8) and 3* primer 3XH (SEQ ID N0:9) (Table!) were used 
for SELEX experiments 3-9. PGR products from SELEX experiments 3-9 were 
cloned directionally into the BamHl/Xbal site of a modified pGem9zf :BamHl 

20 cloning vector. The BamHl site was engineered into pGem9zf in the following 
way. A clone isolated from library 2 (lib2-6-2) that did not bind to TGFBl 
(sequence not shown) was digested with BamHl and Xbal. The sequence 
flanking the cloning site of the modified pGem9zf vector is shown in Table 1 
(SEQ ID NOS:10-11). 

25 After digestion of the plasmid with restriction endonuclease and 

dephosphorylation with CIP (calf intestinal phosphatase), vectors were gel 
purified. Inserts were ligated and recombinant plasmids were transformed into £ 
coli strain DHIOB (Bethesda Research Labs). Plasmid DNA was prepared by 
alkaline lysis, mini prep procedure. Twenty-two clones representing 9 unique 

30 sequences were sequenced at random from libraries 1 and 2. 50 clones were 

sequenced from libraries 3-9 using a single dideoxy G reaction (called G track). 
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The sequencing ladders were cor^ipircd and oruanized for similarities. Selected 
clones from each family were chosen for complete sequence analysis. TGFBl 
binding assays were performed on transcripts representing different G sequences 
in each library. Out of a total of 140 binding assays, 27 ligands bound with a Kd 
5 less than 1 0 nM, and 2 1 of these were sequenced. Clones were sequenced with 

the Sequenase sequencing kit (United States Biochemical Corporation, Cleveland, 
OH). 

F. T .inand Truncation. 

Truncation experiments were carried out to determine the minimal 
10 sequence necessary for high affinity binding of the RNA ligands to TGFBl . For 3' 
boundary determination, RNA ligands were 5' end-labeled with y-^^-P-ATP using 
T4 polynucleotide kinase. 5' boundaries were established with 3' end-labeled 
ligands using a-"P-pCp and T4 RNA ligase. After partial alkaline hydrolysis, 
radiolabeled RNA ligands were incubated with TGFOl at concentrations ranging 
1 5 from 1 nM to 50 nM and protein-bound RNA was separated by nitrocellulose 
partitioning. RNA truncates were analyzed on a high-resolution denaturing 
^ polyacrylamide gel. A ladder of radioactively labeled ligands terminating with 

G-residues was generated by panial RNase T 1 digestion and was used as markers. 
n Inhibition of TCFBI function. 
20 TGFBl signal transduction begins with binding to a cell surface receptor 

and results in the induction of transcription of a variety of genes. One of these 
genes is Pail . The TGFBl assay utilizes the mink lung epithelial cell (MLEC) 
carrying the luciferase reporter gene fused to the Pai 1 promoter. The MLEC has 
TGFBl receptors on its cell surface. Thus one can measure the response of the 
25 cells to TGFBl and the effective concentration of TGFBl in the culture media by 
measuring the luciferase enzyme activity after a period of induction. 

Mink lung epithelial cells (MLEC) carrying the PailAuc construct were 
maintained in DME containing 10% fetal bovine serum and 400 Mg/ml G418. 
MLEC-Pail/luc cells were plated at 3.2 xlO' cells per well in a 96 well Falcon 
30 plate, in 1 00 m1 of DME + 1 0% fetal bovine serum overnight. Media was made 
from autoclaved water. The cells were washed three times (100 ^1) in serum free 
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DME plus Solution A (1:1). Solution A is 30 mM Hepes pH 7.6, 10 mM glucose. 
3.0 mM KCl, 131 mM NaCl. 1.0 mM disodium phosphate. Samples (100;.l) were 
added in DME containing 20 nuM Hepes pH 7.5, and 0.1% BSA (Fluka, 
radioimmunoassay grade). All samples were in triplicate. After six hours at 37° C 
in a 5% CO, incubator the media was removed and cells were washed three times 
(IOOmI each) in cold PBS. Lysis buffer (75 mD (Analytical Luminescence 
Laboratory) was added and the plates incubated on ice for 20 min. The plates 
were sealed and frozen at -80° C until assayed. Samples (25^1) were assayed for 
luciferase activity with the Enhanced Luciferase Assay Kit firom Analvtical 
Luminescence Laboratory (San Diego, CA, USA) according to the manufacturers 
instructions using the Berthold Microlumat LB96P luminometer. Luminescence is 
reproducibly a ftinction of TGFBl concentration added to the media. 

Ligands tested for inhibition of TGFBl activity were tested at a minimum 
of five concentrations. The ligands were serially diluted in DME, 20 mM Hepes 
pH 7.5, 0.1% Fluka BSA in polypropylene tubes and an equal volume of media 
containing 12 pM TGFBl was added to each tube, vortexed and .transferred to the 
cells without further incubation. From the TGFCl standard curve included on 
every plate the effective concentration of TGFBl in the presence of the inhibitory 
ligands was determined by the reduction in luminescence measured. Some 
ligands were tested at both 3 pM and 6 pM TGFBl with the same results. To 
determine the IC50 (the concentration of SELEX ligand necessary to reduce the 
TGFBl activity 50%). the five values obtained for each ligand were plotted and 
the value at 50% inhibition was determined graphically using Graphpad Prism 
assuming a hyperbolic fit of the data and using non-linear regression. 

yy ^MP^.¥.2. p ^^ t^ands to TGFBl 
^ gi;^y^^y <-Yperiments 

In order to generate RNA ligands to TGFBl, nine SELEX experiments, as 
summarized in Table 2, were performed using the methods described in Example 
1 . As shown in Table 1, the RNA pools differ in the number of random bases 
present in the central portion of the molecules: 40 nucleotides in the 40N6 (SEQ 



PCTUS96/08014 



,0 XO^^, SELEX and 64 „„c.co„d.s in .he 64N6 and Ub:-6--,RN6 ,SEQ ID 

.OS- , 3) SELEX exp=n.=n.. Since *e goa, was .o se.c. RNA liga^ds *a. no. 

on,, tound ,0 TGFD. b« aiso bioc.ed .cep.or bindin,, .he ia^ge random ,=,.on 
l,„ascHos=n. .n.oe„.a*one.»ao.,=.o„(4 N,- 

Included. Ligands ,o TGE8i we. ve„ ra,e .i.h 40N and were ,ua>„auve,y .he 

same as Ae64N61igands selected. 

The sequences of clones from .he SELEX experiments are show, m 
Table 3 (SEQ ID NOS: 12.42).The pyrimidines used in *e var,ous SELEX 
e.perime„.s differed . *e r posiuon of .he sugar (Table 2). In Ore flrs. 
SELEX experimems, Ugands were evolved as .-OH pyHmid,„es. L.gands w re 
POS.-SELEX modified wi.h Z-NH. or -F- subs.i»ed pyrimidines ,o see ,f *ey 
:e.ainedTCFB.b,ndin,.S.„ce.e.subs.i.,ionsre„dered.heUsandsres.... 

.0 RNase A .hey were also .e..ed in .he cel. culture assay for ,nh,b,„on of TGFBl 
.otivity one such ligand Ubl-W (Group D.Table 3; SEQ IDNO:35) when 
:J..edwi*.-NH.War,d..E.CTPwasshow„.oinhIbUTG™^ 

„edia.ed activity. To select more ligands. six more independent SELEX 
experiments (lib3-7 and lib9) were performed using the T-F and r-NH, 
.subs,im.ed pyrimidines during ,he evolu.,on process. In experiment hbS the 
Uologically active cione lib2.6.1 (SEQ ID NO:35) was randomtzed and su je .ed 
to ..selection to see if the binding and irhibition behavior of the clone could be 
improved. LibS was evolved as a T-OH pyrimidine RKA. In some cases 
post-SELEX modification of TOFBl ligands derived ftom experiments 3-9 were 
performed, e.g., .o determine if a ligand evolved with 2'-F pyrimidine 
substin.tions«ouIdalsobindwK.hr.NH,.subs.i.u,ions. 

Each slarting pool for a SELEX experiment contained 3 x .0 RNA 

molecules (500 pmol). The affinity of the surting RKA for TGFBl was estnnated 
:oCtlthl50mM.Aaer4roundsofSELEX,.heaffinitiesoftHeevo,v,„g 

pools had improved ,0 approximately ,0 „M and did not shift signific»..y m 
subse,ue« rounds. RNA was bui. sequenced and found to be non-random and 

cloned. 
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Libl took 20 rounds to evolve since optimum concentrations of TGFIil 
.ere not used until round 1 5 and Itbraries 5, 6 and 7 took longer to evolve because 
optimum conditions for recovery of bound ligands during the partitiomng step m 
SELEX were not introduced until round 8. Optimum TGFBl concentrations and 
5 partitioning conditions are described in Example 1 . 

p PNA Sequen^s 

Manv clones in a SELEX library are identical or similar in sequence. The 
libraries we^e screened by G track and only representatives of each G track type 
were tested in a binding assay. The binding assay was five points (l6.5nM. 
5 5nM 1 8nM, 0.6nM, and 0.2nM) and could detect only those SELEX clones 
with a /Cd less than or equal to lOnM. RNA ligands that bound well (Kd<10nM) 
in the binding assay were sequenced. TTie sequences were inspected by eye and 
analyzed using computer programs which perform alignments and fold nucleic 
acid sequences to predict regions of secondaiy structure. Ligands were classified 
into five groups (A, B, C, D, and orphans) by sequence homology. Each group has 
characteristic allowable 2' substitutions. 

58 clones were identified by G track from 7 separate SELEX experiments 
to belong to group A ligands (Table 3; SEQ ID NOS:12-42). 1 5 clones were 
sequenced; 13 were similar but not identical, whereas 3 clones, lib3-13 (SEQ ID 
N0:12), lib5-6 and lib5-13. were identical. Group A ligands were recovered from 
seven of the eight SELEX libraries which included libraries evolved as 2'-NH„ 
2--0H or 2'-F -substituted pyrimidines as well as a library evolved as 2'-F-UTP. 
2'-NH,-CTP. Post SELEX modification indicates that 2'-NH2-UTP. 2'-F-CTP 
does r^ot disrupt binding of lib8-9 to TGFCl, thus the structure of Group A ligands 
appears to not require a specific 2' moiety on the pyrimidine sugar in order to 

maintain binding. 

Group B ligands bind both as 2'-NH,and r-F pyrimidine substituted 
RNA 28 Group B clones were detected by G track analysis from 3 libraries. T«o 
of the libraries were evolved as Z-NH, and one as r-F library. Four clones were 
secuenced. two were identical (lib5.47 and lib4.12-, SEQ ID NO:28). An internal 
deletion can occur in group B, as in lib 3-44. The 40N orphan, lib3.42 was placed 
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,„ coup B o„ .h. bas. or seconaa.. ..c.u,. T.e in.™, ad.ion In U«.44. 
„e bi„d,.s afnni,y. .he bioac„v.,>- and bounda^. experiment a,l suppon .he 
placement of liW-42 in Ihls group. 

Group C liaands bind as J-OH or ligands as expected, s.nce members 

.v„lved as ''-OH lisands in lib 1 and as 2'-F pynm.dine 
5 of this group were e%olved as - un i = 

substituted lia^ds in lib 6. Libl-20.3 (SEQ ID NO:32) was post SELEX 

incorporated. 

Group D liaartd, lib2-6-l (SEQ ID NO:35). was isolated afte. 2 -OH 

^ ^ u ..t qPLEX modified and binds well as a T-NH^-UTP and 

[Li , f> SELEX but was post bbLt a mouiatu 

\t ,.F.CTPpvrimidine derivative. Lib2-6.1 does not bind well to TOF»> wt, 

n ,NH ,..F„r2'F-UTP,2'-NH.CTP.sub3.i.utedpyrimidines. Variants of Group 

% :nlv reseiected in two other SELEX experiments, libS, a 2'.0H library, 

and lib 9, a r-NH.UTP. 2'.F CTP library, supporting the observation that there ,s 
specificity tor the 2' pyrimidine position in this ligand. 

The group labeled orphans are no. homologous to each other and no 
.^antsct^encesforthesehgandshavebeendetemtineiOuacltindicates.^ 

eight 40N Clones similar to lib3^5 were isolated from two librartes. Two of , e 
;gh.werese,uencedandareidenaca,.Ub3.3(SEQ.DNO.«bindswhe.^^ 

it contains r-MH, or r-F subs.in.ted pyrimidines or the r-F-UTP, 2 -NH -CTP 
combination. Ubl.20-5 (SEQ ID NO:40, isolated as a T-OH ligand b.ds as a 
..F, whereas lib,.20.,2(SEQIDKO:41,and,ih2.6.8(SEQIDKO. .„^ 

well only as 2'.0H pyrimidines and will nor tolerate Z-NH, or 2 -F pos. SELEX 

modifications. 

AS i, was unusual that similar sequences were obtained from d,fr«.« 
SELEX experiments containing different modifications, artother set of ^LEX 

described in examples 5 and 6 infra. 
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FX AMPLE 3. TNHIRITION OF TGFni RECEPTOR BINDING 

The A'ds and values reported in Table 4 for Group A ligands are for 
the 2'-NH. substituted version of the ligand unless othervr ise noted. B^^, for the 



retention of TGFfll on the nitrocellulose filters. The ^d's for Group A ligands 
were all similar, 2.2±1.1 nM (n=14). Where measured nitrocellulose and SA 
agarose bead binding assays gave equivalent results. 

The ICjo's in Table 4 for Group A ligands were all tested with the I'-NH. 



in the tissue culture bio-assay since they exhibited the greatest stability under the 
conditions of the bio-assay. Five out of ten Group A ligands tested inhibited 
TGF131 receptor activity. IC50 values for the inhibitors were typically 25 fold 
above the Kd for TGFBl . The data are reproducible; the ^d for ligand lib3-l 3 was 
0.83±0.11 nM (n=3) and the IC50 for lib3-13 (SEQ ID N0:12) was 25=14 nM 
(n=4). RNA concentrations in the bioassays are all estimates based on an 
asstimed extinction coefficient and 100% purity of the ligand. The RNA 
concentrations may, therefore, be overestimated during the bio-assay which in turn 
would overestimate the IC50. 

Another five Group A ligands did not inhibit TGFii receptor binding 
activit}'. One obvious difference between the non-bioactive ligands, lib2-6-4 
(SEQIDNO:20), lib5-48 (SEQ ID N0:19), and lib6-23 (SEQ IDN0:21), and 
the bioactive ligands is the substitution at nucleotide 72. Lib7-21 (SEQ ID 
N0:23) and lib7-43 (SEQ ID N0:24) were tested as 2'-F-UTP, 2'-NH2-CTP 
ligands for bio-activity. These ligands were not bio-active despite their high 
affinity to TGFB. In conclusion, binding and bioactivity are separable functions of 
the TGFB Group A ligands. 

Group B ligands have different binding properties than Group A ligands 
(Table 4). Both the Kd (0.63±0.5 nM, n=4) and B^« (0.14±0.04, n=4) are lower 
for Group B ligands. One Group B inhibitor, lib4-12 (SEQ ID NO:28), actually 
appears to stimulate TGFBl activity in the tissue culture bio-assay at low 
concentrations. The basis of this mixed agonist/antagonist behavior has not been 



Group A ligands was 0.38±0.12 (n=14) which is in agreement with the measured 



pyrimidine substituted ligands except where indicated. 2'-NH2 ligands were used 
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determinod. The best inhibitor in this group. lib3-42 (SEO ID NO:30) has an IC,, 
of 22 n.M and had no agonist behavior over the concentration ranges tested. 

Group C ligands were tested as 2'-F derivatives and were not bio-active. 
Neither was the 2'-F orphan libl-20-5 (SEQ ID NO:40). The 2'-NH, , 40N 
orphan, lib3-45 is an example of another ligand with high affinity for TGFI31 and 
no ability to inhibit TGFBl receptor binding. 

Group D ligands were tested in the bio-assay as 2'-NH,-UTP, 2'-F-CTP 
derivatives. Both lib2-6-l (SEQ ID NO:35) and the truncated version lib2-6-l-81 
(SEQ ID NO:36) can inhibit TGFBl receptor binding; however, a single mutation 
from a C to a G at position 53 decreases bio-activity in clone lib8-23. Similarly a 
2 base pair deletion in clone lib6-30 (SEQ ID NO:34) at positions corresponding 
to nucleotides 67 and 68 in lib2-6-l (SEQ ID NO:35) increases binding by 10 fold 
but eliminates bio-activity. 

/\ ^ib2-6-l (SEQ ID NO:35) was shown to be fully effective only against 
TGFM 2Lot TGFB2 and TGFB3. Lib2-6-l (SEQ ID NO:35) was biologically 
active in the\esence of 10% horse serum in the cell culture medium in addition 
to the 0.1% BsV Thus the ligand demonstrates specificity towards TGFBl which 
is not interferred\ith by the presence of the horse serum in this assay. The 
biggest indication t\t the inhibition of TGFBl receptor binding is a specific 
phenomenon is the faXjhat not all TGFBl ligands block receptor binding, but the 
ones that do, do so reproHucibly. There are no examples of ligands that do not 
bind to TGFBl blocking T^FBl receptor binding activity. 

In summary, RNA ligands that can block TGFBl receptor binding are a 
subset of ligands. Binding is necessary but not sufficient for bio-activity. 
Roughly 50% of the high affinit)' ligands tested were inhibitors. Of the inhibitors, 
30% were good inhibitors GC50 
< 25 nM). 

y-YAMPT.E ^ ROTINDARY ANALYSIS. 

Truncation experiments were done on a number of TGFBl ligands to 
determine the nucleotides essential for binding. Group A ligands, lib3-13 (SEQ 
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ID NO- 12) and UbS-9 (SEQ ID NO: 16,. were truncated wuh consistent results. 
The fra<^ment lib3-13-79 binds to TGFIil. thus none of the nucleotides 3' to 
nucleotide 79 in Iib3-13 are essential for bindmg. Similarly when all nucleotides 
5' to nucleotide 38 are deleted the remaining fragment, Ub3-l3-(38-123) can still 
bind to TGFBl . The 5' boundary is in agreement with the sequence hb6-23 (SEQ 
ID NO-^1) which has a deletion corresponding to nucleotides 19-36 of lib3-13 
(SEQ ID NO:25), and still binds to TGF61 . Thus, all high affinity binding 
determinants for Group A clones may lie wholly within the random region and 
„.av correspond to a 42 nucleotide fragment, lib3-13-(38.79). Many Group A 
lieands contain deletions or substitutions within the predicted essential bmdmg 
domain, in the region corresponding to lib3-13-(72-81). V.. deletion and 
substimtion in lib4-32 have no effect on its 3' boundary which corresponds to 
lib3-13 nucleotide 80. Thus, the 3' boundary is probably correct and the 
alterations in nucleotide sequence 72-81 are ones that do not significantly alter the 
nucleic acid structure required for binding. Mutations in this region, most notably 
nucleotide 72 may, however, modify the ability of the ligand to block TGFBl 
receptor binding as noted earlier. 

Boundary analysis of the 3' end of Group B ligand. Iib4-12 (SEQ ID 
NO-28) predicts that nothing beyond nucleotide 72 is required for TGFBl 
binding When the 5' boundary of lib4-12 was determined, all but the first three 
nucleotides were required for binding, indicating that the 5' constant region is an 
essential part of the ligand at least when the boundary of the full length ligand was 
determined. Assuming that ligand lib3-44 (SEQ ID NO:29) has a similar binding 
determinant as lib4-12 (SEQ ID NO:28). we can also conclude that nucleotides 
37-46 of lib4-12 are not required for binding since these are deleted in lib3-44 and 
Iib3-42(SEQIDNO:30). 

The 3' constant region is not necessary for binding in Group C and D 
ligands. Both ligand types bind without the 3' nucleotides in the constant region. 
Libl-20-3-82, an 82 nucleotide truncated version of libl-20-3 (SEQ ID NO:32). 
binds as well as the full length libl-20-3. Likewise binding and bioactivity of 
,ib2-6-l is unaffected by the 3- truncation found in lib2-6-l-81 (SEQ ID NO:36). 
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EXAMPLE 5. EXPERIMENTAL PROCEDURES 

In the preferred embodiment, a second set of SELEX experiments was 
performed in search of RNA and DNA ligands with specific high affinity for 
TGFfll from degenerate libraries containing 40 random positions (40N). This 
Example provides the general procedures followed and incorporated in Example 
6. 

A. Materials^ 

M-MLV superscript reverse transcriptase was purchased from Gibco BRL 
(Gaithersburg, MD). T7 RNA polymerase was purified according to standard 
procedures at NeXstar Pharmaceuticals, Inc. (Boulder, CO). Taq DNA 
polymerase (Amplitaq) was from Perkin Elmer/Cetus (Richmond, CA). T4 
polynucleotide kinase, DNA polymerase (Klenow fragment), and alkaline 
phosphatase were purchased from New England Biolabs, Inc. (Beverly, MA). The 
2'-amino substituted nucleotide triphosphates amino-UTP and amino-CTP were 
synthesized according to standard procedures at NeXstar Pharmaceuticals, Inc. 
(Boulder, CO). Other reagents used in this work were of the highest quality 
obtainable. 

B. Nucleic Acids. 

RNAs were synthesized by in vitro transcription using double-stranded 
DNA oligonucleotides and T7 RNA polymerase. DNA oligonucleotides (Table 5) 
were purchased from Operon, Inc. (Alameda, CA) and purified by 6% preparative 
polyacrylamide gel electrophoresis. PCR amplification was performed in 50 mM 
KCl, 10 mM Tris-HCl (pH 8.6), 2.5 mM MgClj, 170 mg/mL BSA, and dNTPs 
(present at 1 mM each). Taq DNA polymerase was used at 100 units per 0,1 mL 
reaction, and the 5'- and 3'-primers were present at 1 mM. Transcription was 
performed in 40 mM NaCl, 10 mM dithiothreilol, 50 mM Tris-acetate (pH 8.0), 8 
mM magnesium acetate, 2 mM spermidine, and 2 mM NTP. T7 RNA polymerase 
was present at 1 unit/mL. The reaction was incubated at 28 degrees for 16 hours 
and then treated with 20 units of DNAse I for an additional 10 min at 37 degrees. 
The reaction was stopped by the addition of one half volume of loading buffer 



PCT/LS96/08014 

38579 



(93% formamide. 10 mM EDTA, pH S.O) and heated to 95 degrees for 3 min prior 
to electrophoresis on a 6 % polyacrylamide/8 M urea denaturing gel. The RiNA 
transcript was visualized by UV shadowing and was excised from the gel and 
eluted into TE buffer (10 mM Tris-acetate pH 8.0, 2 mM EDTA). The RNA 
transcript was ethanol precipitated, dried under vacuum, and redissolved in 
distilled H:0. The concentration of RNA as well as single-stranded DNA was 
quantified by measuring the A,,o and assuming that 1 A^^o unit equaled 40 mg/mL 
and 33 mg/mL, respectively. 

r Fvnliitinn of Hiqh-Affi nitv TJoands. 
y^S£LEX ligands that bind to TGFBl were derived essentially as described 
in'^.S. p\ent No. 5,270,163 (see also Tuerk and Gold (1990) Science 
249:505-5rO) using the oligonucleotides illustrated in Table 5 (SEQ ID NOS:43- 
54). The DNA templates contained a 40-nucleotide (40N) variable sequence 
generated by Aixed-nucleotide DNA synthesis, as well as 5 - and 3'-fixed 
sequences, nec Asary for PGR amplification of the template. The 5'-fixed 
sequence of oliglucleotides 40N7 (SEQ ID NO:43) and 40N8 (SEQ ID NO:49) 
also contained a t\rNA polymerase promoter. RNA for the first round of RNA 
SELEX was transcribed from double-stranded DNA templates generated by 
primer extension on sLle-stranded DNA templates 40N7 and 40N8 with the 
Klenow fragment of DlV polymerase I. RNA SELEX consisted of up to 15 
rounds of RNA synthesisVinding to target, partitioning of bound and unbound 
RNA by nitrocellulose filtri(tion, cDNA synthesis, and PGR amplification to 
regenerate the double-strand\d DNA template. Binding to the target by the RNA 
pool was performed in bindinibuffer A (120 mM NaCl, 2.5 mM KGl, 0.12 mM 
MgS04, 40 mM HEPES, 20 m^NaH2P04/Na2HP04 pH 7.4, 0.01% HSA) at 37 
degrees for at least 10 min prior t\ filtration. In contrast, the first round of 
single-stranded DNA SELEX wasVerformed by using the synthetically 
synthesized oligonucleotides 40D7Yd 40D8 directly. SELEX consisted of 25 
rounds of binding to target, partitiomVg of bound and unbound single-stranded 
DNA by nitrocellulose filtration, PGRWiplification to generate a double-stranded 
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Popula,io.. and pr=para„ve polvnc^toiae .=1 elecrophoresis .0 purir.- 
,i„„l,ra„ded DNA for *= a=« round of SELEX. Binding of *e rarge. ,0 the 
singiXanded DNA pool was perfonncd in binding buffer B (.50 mM NaC, 10 
n,M Acetate pH 7.5, 0.001% BSA) at 37 degrees for at least 15 min pnor to 
filtration, \adtolabeling of RN'A a. well as DNA repenoires was perfotmed by 
.cubation I picomoles nucleic acid, 2 units of T4 polynucleotide kinase, and 6 
^ [v'=Pl AtX(800 Ci/mntol) in a volume of 10 mL a. 37 degrees for 30 mtn. 
The concentrattLf nucleic acid at each round of the SELEX expenment varied 
between 1 500 nMU 1 nM while the concenuation of the target TOF-M vaned 
between 1 50 nM an\o.03 nM, 

r| „ni-. and Iriiir-I" '"'"d^ 
Cloning of the nucleic acid repertoire was performed as described by 
Tuerk and Gold (1990) Science 242-,505.510 using double-stranded DNA that was 
generated from .he mA repertoire by PCR amplifcation. PCR-ampltfied DNA 
was digested with the restriction enzymes Sphl and Hindlll and ligated into 
compatible sites within pGEM, Ligated plasmids were transfonned into E col, 
and plated onto LB agar contaimng 5-bromo.4.chloro-3-indoly. D-D-galactostde, 
Uopropv. thiogalactoside, and 100 mg/mL ampicillin. Colonies not expresstng 
B-galaciosidase were analyzed. Sequencing of DNA was performed as descnbed 
by Tuerk and Gold (1990) using .he dideoxynudeoUde procedure of Sanger e, al. 
,1977, EaUM^^L&iJ^ 24:5463-5467. Plasmids were isolared from £ 
by .he alkaline lysis miniprep proc«iU,e (Mam«.is e. ci (1982) in ktoto 

cold Spring Harbor Laboraiory Press, Cold Spnng 
Harbor NY) DNA was incubared in 50 mM Tris-HCl (pH 8.3), 60 mM NaCl, 6 
mM magnesium acetate, and 1 mM DTT with 0.4 mM dNTP and 0.2 mM 
dideoxy-NTP for 20 min a. 48 degrees. DNA polymerase was present at 4 un„s 
per reaction. The reactions were stopped by tite addition oflO mL of loadmg 
buffer and heated .0 95 degrees for 3 min prior .0 gel elec^phoresis on a 6% 
polyacrylam,ne/8 M urea denaturing gel. G-^ack sequencing was perfomted as 
described and provided a conveniem method to quickly screen the cloned library 
for li.ands of differem sequence. Briefly, tite G-track sequencing reaction 
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contained 50 mM Tris-HCl (pH 8.3). 60 mM NaCl, 6 mM magnesium acetate, and 
1 mM DTT with 0.4 mM dNTP, 0.2 mM dideoxy-GTP, and 4 units of DNA 
polymerase. The reaction was performed at 48 degrees for 20 min and was 
stopped by the addition of 10 uL of loading buffer and heated to 95 degrees for 3 
min prior to gel electrophoresis on a 6% polyacrylamide/8 M urea denaturing gel. 

EX.AMPLE 6. BINDING ANALYSTS. BTOASSAY RFSTITT5;. AND 
SEQUENCES OF A ssDNA LIBRARY . 

landing analysis of the 40D7 DNA library for TGF-Bl is shown in Figure 
1. Bindingidata obtained from round 19 (triangles) and round 0 (circles) are 
shown. TheSexperiment was performed by incubating nucleic acid (less than 1 
nM) and the incdicated concentration of TGF-bl in Binding Buffer (150 mM NaCl, 
10 mM Tris-acefete pH 8.2, 0.001% BSA) for 15 minutes at 37 degrees in a 
volume of 0.1 mL\ Samples were filtered through nitrocellulose and were 
immediately followed by 3 mL of TE Buffer (10 mM Tris-acetate pH 8.0, 0.1 mM 
EDTA). The percent^e of radiolabel bound was calculated from the amount of 
radiolabel retained on tWe nitrocellulose filter and the total radiolabel added to the 
binding reaction. The resWs show that the apparent Kd of the 40D7 library is 
InM, whereas the starting ^ol has an apparent Kd of 30 nM. Thus, the 40D7 
library shows an increase of k^oni three fold in binding. 

/|;^PAMuciferase assay to detect TGF-bl activity in the presence of the 
nucleic acid libraries generated in Example 5 was performed as described in Abe 
et al (1994)\Analytical Bipchem. 21^:276-284. Mink lung epithelial cells 
containing theVAI-luciferase reporter gene were incubated with TGF-bl (10 pM) 
and oligonucleo\ides from the DNA libraries or anti -TGF-B antibody (60 Mg/mL). 
The mink lung epWelial cells were incubated for 18 hours and oligonucleotides 
were pre-incubated yith TGF-bl before the assay and readded after 8 hours. 
Addition of oligonucfteotides alone (100 nM) to the cell culture did not affect the 
assay (data not shovm)\ The identity of the oligonucleotide libraries as well as 
their effect on luciferase activity is indicated in Figure 2. The ssDNA library 
40N7 completely inhibitedVie activity of TGF-Bl, while the control (an equal 
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astmrr: 

Based on the results of the binding analysis and PAI-luciferase assay, 
DNA ligands from the 40N7 library were sequenced as described in Example 5. 
5 The sequences are shown in Table 6 (SEQ ID NOS:55-89). As the DNA 40N7 
library showed inhibition in the PAI-luciferase bioassay, it is reasonable to 
suggest that the individual clones from the library are TGFpI binders. 

FY AMPT.F 7. FYPFRTMEN TAT PROrFDURES 
1 J 1 0 This Example provides the general procedures followed and incorporated 

f ;[ in Examples 8-15 for the evolution of nucleic acid ligands to PDGF. 

f=^' A. Materials . 

iy 



£3 

i a. 



Recombinant human PDGF-AA (Mr=29,000), PDGF-AB (Mr=27,000) 
and PDGF-BB (Mr=25,000) were purchased from R&D Systems (Minneapolis, 
1 5 MN) in lyophilized form, free from carrier protein. All three isoforms were 

produced in E. coli from synthetic genes based on the sequences for the long form 
of the mature human PDGF A-chain (Betsholtz et a/..(1986) Nature. 22Q: 
695-699) and the naturally occurring mature form of human PDGF B-chain 
(Johnsson et al.,(1984) EMEOll: 921-928). Randomized DNA libraries, PGR • 
20 primers and DNA ligands and 5'-iodo-2'-deoxyuridine-substituted DNA ligands 
were synthesized by NeXstar Pharmaceuticals, Inc. (Boulder, CO) or by Operon 
Technologies (Alameda, CA) using the standard solid phase phosphoramidite 
method (Sinha et ai, (1984) Nnclgjc Acids Re?. 12: 4539-4557). 
^, ^\n^\e Stranded r >NA r^nNA^t Selex 
25 Essential features of the SELEX procedure have been described in detail in 

the SELEX Patent Applications ( see also . Tuerk and Gold, Science . 242: 505 
(1990); Jellinek et ai, Binchemistrv . 21: 10450 (1994); Jellinek et ai, ElSjLfcM. 
Acad. Sci. . 2Q: 1 1227 (1993)), which are incorporated by reference herein. The 
initial ssDN A library containing a contiguous randomized region of forty 
30 nucleotides, flanked by primer annealing regions (Table 7; SEQ ID NO:90) of 
invariant sequence, was synthesized by the solid phase phosphoramidite method 



PCT;TS96/080l-» 

WO O'j 33579 

48 

using equal molar mixture of the four phosphoramidites to generate the 
randomized positions. The ssDNA library was purified by electrophoresis on an 
8% polyacrylamide/7 M urea gel. The band that corresponds to the full-length 
DNA was visualized under UV light, excised from the gel, eluied by the crush and 
5 soak method, ethanol precipitated and pelleted by centriftigation. The pellet was 

dried under vacuum and resuspended in phosphate buffered saline supplemented 
with 1 mM MgCl: (PBSM = lO.I mM Na,HP04, 1.8 mM KH:PO„ 137 mM NaCl 
and 2.7 mM KCl, 1 mM MgCU, pH 7.4) buffer. Prior to incubation with the 
protein, the ssDNA was heated at 90«C for 2 minutes in PBSM and cooled on ice. 
10 The first selection was initiated by incubating approximately 500 pmol (3 x lO'"* 
molecules) of 5' ^-P end-labeled random ssDNA with PDGF-AB in binding buffer 
(PBSM containing 0.01% human serum albumin (HSA)). The mixture was 
incubated at 4°C overnight, followed by a brief (15 min) incubation at 37°C. The 
DNA bound to PDGF-AB was separated from unbound DNA by electrophoresis 
15 on an 8% polyacrylamide gel (1 :30 bis-acrylamide:acrylamide) at 4°C and at 5 
V/cm with 89 mM Tris-borate (pH 8.3) containing 2 mM EDTA as the running 
buffer. The band that corresponds to the PDGF-ssDNA complex, which runs with 
about half the electrophoretic mobility of the free ssDNA, was visualized by 
autoradiography, excised from the gel and eluted by the crush and soak method. 
20 In subsequent affmity selections, the ssDNA was incubated with PDGF-AB for 1 5 
minutes at 37°C in binding buffer and the PDGF-bound ssDNA was separated 
from the unbound DNA by nitrocellulose filtration, as previously described 
(Green,eM/.. (1995) QiemistDLaQiaisiogy 2,683-695). All affinity-selected 
ssDNA pools were amplified by PGR in which the DNA was subjected to 12-20 
25 rounds of thermal cycling (30 s at 93°C, 10 s at 52°C, 60 s at 72°C) in 10 mM 
Tris-Cl (pH 8.4) containing 50 mM KCl, 7.5 mM MgCl,, 0.05 mg/ml bovine 
serum albumin, 1 mM deoxynucleoside triphosphates, 5 nU primers (Table 7) and 
0.1 units/Ml Taq polymerase. The 5' PGR primer was 5' end-labeled with 
polynucleotide kinase and [y-"P]ATP and the 3' PGR primer was biotinylated at 
30 the 5- end using biotin phosphoramidite (Glen Research, Sterling, VA). Following 
PGR amplification, streptavidin (Pierce, Rockford, IL) was added to the 
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unpunrled PCR reaction mixture at a 10-told molar excess over the biotinylated 
primer and incubated for 15 min at room temperature. The dsDNA was denatured 
by adding an equal volume of stop solution (90% formamide, 1% sodium dodecyl 
sulfate, 0.025% bromophenol blue and xylene cyanol) and incubating for 20 min 
at room temperature. The radiolabeled strand was separated f^om the 
streptavidin-bound biotinylated strand by electrophoresis on 1 2% 
polyacrylamide/7M urea gels. The faster migrating radiolabeled 
(non-biotinylated) ssDNA strand was cut out of the gel and recovered as described 
above. The amount of ssDNA was estimated from the absorbance at 260 nm 
using the extinction coefficient of 33 Mg/ml/absorbance unit (Sambrook et al. 
(1989) K-fniPrnl.rrionin "- A T .hnr.tnrv- Manual. 2 Ed. 3 vols.. Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor). 
r rinnina an f< Sequencing. 

The amplified affinity-enriched pool from SELEX round 12 was purified 
on a 12% polyacrylamide gel and cloned between HincM and Pstl sites in JM109 
strain of E. coli (Sambrook, et al, (1989) Molecular ClPniP?- A L^to^tQrv 
Manual. 2 Ed. 3 vols., Cold Spring Harbor Laboratory Press, Cold Spring Harbor). 
Individual clones were used to prepare plasmids by alkaline lysis. Plasmids were 
sequenced at the insert region using the forward sequencing primer and Sequenase 
2.0 (Amersham, Arlington Heights. IL) according to the manufacturer's protocol. 

n n.tprminatiftn of t ^ p iipnarent eQuilihrium dissociation cpngtaptj 
onH f |^p Hissociatio n rate constants. 

The binding of ssDNA ligands at low concentrations to varying 
concentrations of PDGF was determined by the nitrocellulose filter binding 
method as described (Green et al. (1995) rh^-mi^trv an<l Qi<?lQgV 2: 683-695). 
The concentrations of PDGF stock solutions (in PBS) were determined from the 
absorbance readings at 280 nm using the following e„o values calculated from the 
amino acid sequences (Gill, S. C, and von Hippel, P. H. (1989) MaL^msheHL 
182: 319-326): 19,500 M-'cm"' for PDGF-AA, 15,700 M-'cm"' for PDGF-AB and 
1 1,800 M-"cm ' for PDGF-BB. ssDNA for all binding experiments were purified 
by electrophoresis on 8% (>80 nucleotides) or 12% (<40 nucleotides) 
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polvacr\iamide/7 M urea gels. All ssDNA ligands were heated at 90°C in binding 



buffer at high dilution (= 1 nlvl) for 2 min and cooled on ice prior to further 
dilution into the protein solution. The binding mixtures were typically incubated 
for 15 min at 37°C before partitioning on nitrocellulose filters. 

The binding of DNA ligands (L) to PDGF-AA (P) is adequately described 
with the bimolecular binding model for which the fraction of bound DNA at 
equilibrium (q) is given by eq. 1. 



protein-DNA complexes on nitrocellulose filters (Irvine et al, (1991) J. Mol- Bipl. 
222 : 739-761; Jellinek et al, n QQ^^ Prnc. Nat'l. Acad. Sci. USA 90: 

15 11227-11231). 

The binding of DNA ligands to PDGF-AB and PDGF-BB is biphasic and 
can be described by a model in which the DNA ligand is composed of two 
non-interconverting components (L, and Lj) that bind to the protein with different 
affinities, described by corresponding dissociation constants, K^x and (Jellinek 

20 ^/ ni iQQ^^ Prnr. Nnt'l Acad. Sci. USA 90: 11227-11231). In this case, the 
explicit solution for the fraction of bound DNA (q) is given by eq. 2, 



q=(f/2[L]J{[P].-^[L].+K,-[([P].+[L].+K,)-4[P],[L]J^^} (1) 



10 



where [P], and [R], are total protein and total DNA concentrations, is the 
equilibrium dissociation constant and f is the efficiency of retention of 




(2) 



with 



[P]t 



[P] = 



X2Kd2[L]. 
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l+Kd2[P] 
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where x. cmd X:(^l*Xi^ ^le the mole fractions of L, and L.. The values for the 
binding of DNA ligands to PDGF were calculated by fining the data points to eq. 
1 (for PDGF-.\.^) or eq. 2 (for PDGF-AB and PDGF-BB) using the non-linear 
least squares method. 

The dissociation rate constants (k^j-y) were determined by measuring the 
amount of '-P 5'-end labeled minimal ligands (0.17 nM) bound to PDGF-AB (1 
nM) as a function of lime following the addition of 500-fold excess of unlabeled 
ligands, using nitrocellulose filter binding as the partitioning method. The k^^ 
values were determined by fining the data points to the first-order rate equation 



where q, and q, represent the fractions of DNA bound to PDGF-AB at any time 
(t), t=0 and t=«», respectively. 

E. Minimal ligand determinations. 

To generate a population of 5' end-labeled DNA ligands serially truncated 
from the 3' end, a primer complementary to the 3' invariant sequence region of a 
DNA ligand template (truncated primer 5N2, Table 7; SEQ ID NO:92) was 
radiolabeled at the 5' end with [y-^^P]-ATP and T4 polynucleotide kinase, 
annealed to the template and extended with Sequenase (Amersham, Arlington 
Heights, IL) and a mixture of all four dNTPs and ddNTPs. Following incubation 
in binding buffer for 15 min at 37°C, the fragments from this population that 
retain high affinity binding to PDGF-AB were separated from those with weaker 
affinity by nitrocellulose filter partitioning. Electrophoretic resolution of the 
fragments on 8% polyacrylamide/7 M urea gels, before and after affinity selection, 
allows determination of the 3* boundary. To generate a population of 3' - 
end-labeled DNA ligands serially truncated from the 5' end, the DNA ligands were 
radiolabeled at the 3' end with [a-^^P]-cordycepin-5'-triphosphate (New England 
Nuclear, Boston, MA) and T4 RNA ligase (Promega, Madison, WI), 
phosphorylated at the 5' end with ATP and T4 polynucleotide kinase, and partially 



(eq. 3) 



(q-q.)/(qo-q-) = exp(-k,nt) 



(3) 
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digested with lambda exonuclease (Gibco BRL. Gaithersburg. MD). Partial 
dicestion of 10 pmols of 3"-labeled ligand was done in 100 mL % olume with 7 olVI 
glycine-KOH (pH 9.4), 2.5mM MgCU. 1 ;xg/ml BSA, 15 tRNA, and 4 units of 
lambda exonuclease for 1 5 min at 37'. The 5' boundan' was determined in an 
5 analogous manner to that described for the 3' boundary. 

F Melting temperature (T ^,^ measurements. 

Melting profiles for the minimal DNA ligands were obtained on a Gary 
Model IE spectrophotometer. Oligonucleotides (320-400 nM) were heated to 
95°C in PBS, PBSM or PBS with 1 mM EDTA and cooled to room temperature 

1 0 prior to the melting profile determination. Melting profiles were generated by 
heating the samples at the rate of 1 "C/min from 15-95°C and recording the 
absorbance every 0.1 °C. The first derivative of the data points was calculated 
using the plotting program KaleidaGraph (Synergy Software, Reading, PA). The 
first derivative values were smoothed using a 55 point smoothing function by 

1 5 averaging each point with 27 data points on each side. The peak of the smoothed 
first derivative curves was used to estimate the Tn, values. 

r. rrnsslinkinq of ^-indo-2'-denYvuridine- suhstituted DNA ligands to 

PDCwF-AB. 

DNA ligands containing single or multiple substitutions of 
20 5'-iodo-2'deoxyuridine for thymidine were synthesized using the solid phase 
phosphoramidite method. To test for the ability to crosslink, trace amounts of 
5'"P end-labeled ligands were incubated with PDGF-AB (100 nM) in binding 
buffer at 37° for 1 5 min prior to irradiation. The binding mixture was transferred 
to a 1 cm path length cuvette thermostated at 37° and irradiated at 308 nm for 
25 25-400 s at 20 Hz using a XeCl charged Lumonics Model EX748 excimer laser. 
The cuvette was positioned 24 cm beyond the focal point of a convergent lens, 
with the energy at the focal point measuring 175 mjoules/pulse. FoUovdng 
irradiation, aliquots were mixed with an equal volume of formamide loading 
buffer containing 0.1% SDS and incubated at 95° for 5 min prior to resolution of 
30 the crosslinked PDGF/ligand complex from the free ligand on 8% 
polyacrylamide/7 M urea gels. 
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To identify the protein site ofcrossiinking tor iigand 20t-I4, binding and 
irradiation were done on a larger scale. PDGF-AB and 5' ^-P end-labeled iigand, 
each at 1 in PBSM were incubated and irradiated (300 s) as described above 
in rv\'o 1 ml reaction vessels. The reaction mixtures were combined, ethanol 
5 precipitated and resuspended in 0.3 ml of Tris-HCl buffer (lOOmM, pH 8.5). The 

PDGF-AB/ligand crosslinked complex was digested with QA7 ^g/^\ of modified 
trypsin (Boehringer Mannheim) for 20 hours at 37°. The digest mixnire was 
extracted with phenol/chloroform, chloroform and then ethanol precipitated. The 
pellet was resuspended in water and an equal volume of formamide loading buffer 

10 with 5% (v/v) B-mercaptoethanol (no SDS), incubated at 95° for 5 min, and 
resolved on a 40 cm 8% polyacrylamide/7 M urea gel. The crosslinked 
tryptic-peptide/ligand that migrated as two closely spaced bands about 1.5 cm 
above the free Iigand band was excised from the gel and eluted by the crush and 
soak method and ethanol precipitated. The dried crosslinked peptide (about 160 

15 pmoles based on the specific activity) w^as sequenced by Edman degradation 
(Midwest Analytical, Inc., St. Louis, MO). 

H. Receptor Binding Assay. 

The binding of ^^^I-PDGF-AA and '^^I-PDGF-BB to porcine aortic 
endothelial (PAE) cells transfected with PDGF a- or fi-receptors were performed 

20 as described (Heldin et ai, fl988^ EMBOJ. 7, 1387-1394). Different 

concentrations of DNA ligands were added to the cell culture (1.5 cm*) in 0.2 ml 
of phosphate buffered saline supplemented with 1 mg bovine serum albumin per 
ml together with ^^^I-PDGF-AA (2 ng, 100,000 cpm) or ^^M-PDGF-BB (2 ng, 
100,000 cpm). After incubation at 4°C for 90 min, the cell cultures were washed 

25 and cell associated radioactivity determined in a y-counter (Heldin et ai, (1988) 
EMBOL 7, 1387-1394). 

I. [^ Hjthvmidine Incorporation Assay. 

The incorporation of [^H]thymidine into PAE cells expressing PDGF 
30 li-receptor in response to 20 ng/ml of PDGF-BB or 10% fetal calf serum and in the 
presence of different concentrations of DNA ligands was performed as described 
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(Mori ci ai. (1991 ) .1 Riol. Chem. 266, 21 158-21 164). After incubation for 24 h 
at 37°C, ^H-radioactivity incorporated into DNA was determined using a 
fi-counter. 

FYAMPI.E 8. ^^DNA IJGANDS OF PDGF 

High affinity DNA ligands to PDGF AB were identified by the SELEX 
process from a library of =3 x 10" molecules (500 pmol) of single stranded DNA 
randomized at forty contiguous positions (Table 7; SEQ ID NO:90). The 
PDGF-bound DNA was separated from unbound DNA by polyacrylamide gel 
electrophoresis in the first round and by nitrocellulose filter binding in the 
subsequent rounds. After 12 rounds of SELEX, the affinity-enriched pool bound 
to PDGF-AB with an apparent dissociation constant (Kj) of =50 pM (data not 
shown). This represented an improvement in affinity of = 700-fold compared to 
the initial randomized DNA librar>'. This affinity-enriched pool was used to 
generate a cloning library from which 39 isolates were sequenced. Thirty-two of 
these ligands were found to have unique sequences (Table 8; SEQ ID NOS:93- 
124). Ligands that were subjected to the minimal sequence determination are 
marked with an asterisk (*) next to the clone number. The clone numbers that 
were found to retain high affinity binding as minimal ligands are italicized. All 
ligands shown in Table 8 were screened for their ability to bind to PDGF AB 
using the nitrocellulose filter binding method. To identify the best ligands from 
this group, we determined their relative affinities for PDGF-AB by measuring the 
fraction of 5* ^'P end-labeled ligands bound to PDGF-AB over a range of protein 
concentrations. For the ligands that bound to PDGF-AB with high affinity, the 
affinity toward PDGF-BB and PDGF-AA was also examined: in all cases, the 
affinity of ligands for PDGF-AB and PDGF-BB was comparable while the affinity 
for PDGF-AA was considerably lower (data not shown). 

Twenty-one of the thirty-two unique ligands can be grouped into a 
sequence family shown in Table 9. The sequences of the initially randomized 
region (uppercase letters) are aligned according to the consensus three-way helix 
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junction motif. Nucleotides in the sequence-invariant region (lowercase letters) 
are only shown where they participate in the predicted secondary structure. 
Several ligands were "disconnected" (equality symbol) in order to show their 
relatedness to the consensus motif through circular permutation. The nucleotides 
predicted to participate in base pairing are indicated with underline inverted 
arrows, with the arrow heads pointing toward the helix junction. The sequences 
are divided into two groups, A and B, based on the first single stranded nucleotide 
(from the 5' end) at the helix junction (A or G, between helices II and III). 
Mismatches in the helical regions are shown with dots under the corresponding 
letters (G-T and T-G base pairs were allowed). In places where single nucleotide 
bulges occur, the mismatched nucleotide is shown above the rest of the sequence 
betw^een its neighbors. 

This classification is based in part on sequence homology among these 
ligands, but in greater part on the basis of a shared secondary structure motif: a 
three-way helix junction with a three nucleotide loop at the branch point (Figure 
3). These ligands were subdivided into two groups; for ligands in group A, the 
loop at the branch point has an invariant sequence AGC and in group B, that 
sequence is G(T/G)(CyT). The proposed consensus secondary structure motif is 
supported by base-pairing covariation at non-conserved nucleotides in the helices 
(Table 10). Since the three-way junctions are encoded in continuous DNA 
strands, two of the helices end in loops at the distal end from the junction. These 
loops are highly variable, both in length, and in sequence. Furthermore, through 
circular permutation of the consensus motif, the loops occur in all three helices, 
although they are most frequent in helices II and III. Together these observations 
suggest that the regions distal from the helix junction are not important for high 
affinity binding to PDGF-AB. The highly conserved nucleotides are indeed found 
near the helix junction (Table 9, Figure 3). 



EXAMPLE 9. BOUNDARY ANALYSIS 

The minimal sequence necessary for high affinity binding was determined 
for the six best ligands to PDGF-AB, In general, the information about the 3* and 
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5' minimal sequence boundaries can be obtained by partially fragmenting the 
nucleic acid ligand and then selecting for the fragments that retain high affinity for 
the target. With RNA ligands, the fragments can be conveniently generated by 
mild alkaline hydrolysis (Tuerk et aL (1990) JjvloLBioL 213: 749-761; Jellinek 
etai, (1994)Biodimistrv H: 10450-10456; Jellinek e/ a/., (1995) 
Riochemistrv 34: 11363-11372; Greener a/. (1995) J. Mol. Biol. 247: 60-68). 
Since DNA is more resistant to base, an alternative method of generating 
fragments is needed for DNA. To determine the 3' boundary, a population of 
ligand fragments serially truncated at the 3' end was generated by extending the 5' 
end-labeled primer annealed to the 3* invariant sequence of a DNA ligand using 
the dideoxy sequencing method. This population was affinity-selected by 
nitrocellulose filtration and the shortest fragments (truncated firom the 3' end) that 
retain high affinity binding for PDGF-AB were identified by polyacrylamide gel 
electrophoresis. The 5' boundary was determined in an analogous manner except 
that a population of 3' end-labeled ligand fragments serially truncated at the 5' end 
was generated by limited digestion with lambda exonuclease. The minimal ligand 
is then defined as the sequence between the two boundaries. It is important to 
keep in mind that, while the information derived from these experiments is useful, 
the suggested boundaries are by no means absolute since the boundaries are 
examined one terminus at a time. The untruncated (radiolabeled) termini can 
augment, reduce or have no effect on binding (Jellinek et aL, (1994) Biochemistrv 
11: 10450-10456). 

Of the six minimal ligands for which the boundaries were determined 
experimentally, two (20t (SEQ ID NO:172) and 41t (SEQ ID NO:174); truncated 
versions of ligands 20 and 41) bound with affinities comparable (within a factor of 
2) to their full-length analogs and four had considerably lower affinities. The two 
minimal ligands that retained high affinity binding to PDGF, 20t and 4 It, contain 
the predicted three-way helix junction secondary structure motif (Figure 4). The 
sequence of the third minimal ligand that binds to PDGF-AB with high affinity, 
36t (SEQ ID NO: 173), was deduced from the knowledge of the consensus motif 
(Figure 4). In subsequent experiments, we found that the single-stranded region at 
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Lhe 5' end of ligand ZOt is not important for high affinity binding. Fur.hsrmore, 
the trinucleotide loops on helices II and III in ligand 36t (GCA and CCA) can be 
replaced v,iih pentaethylene glycol spacers (infra). These experiments provide 
further support for the importance of the helix junction region in high affinity 

5 binding to PDGF-AB. 

The binding of minimal ligands 20t, 36t, and 41t to varying concentrations 
of PDGF-A-A.. PDGF-AB and PDGF-BB is sho^^•n in Figures 5 A, 5B and SC. In 
agreement with the binding properties of their ftill length analogs, the minimal 
D ligands bind to PDGF-AB and PDGF-BB with substantially higher affinity than to 

PDGF AA (Figures 5A, 5B, and 5C. Table 1 1). In fact, their affinity for 
PDGF-AA is comparable to that of random DNA (data not shown). The binding 



rU to PDGF-AA is adequately described with a monophasic binding equation while 

the binding to PDGF-AB and PDGF-BB is notably biphasic. In previous SELEX 
experiments, biphasic binding has been found to be a consequence of the existence 
of separable nucleic acid species that bind to their target protein with different 
affinities (JelHnek.r a/.. (1995)Eifi£lieinista.24: 11363-11372) and unpublished 
results). The identity of the high and the low affinity fractions is at present not 
known. Since these DNA ligands described here were synthesized chemically, it 
is possible that the fraction that binds to PDGF-AB and PDGF-BB with lower 
affinity represents chemically imperfect DNA. Alternatively, the high and the low 
affinity species may represent stable conformational isomers that bind to the 
PDGF B-chain with different affinities. In any event, the higher affinity binding 
component is the most populated ligand species in all cases (Figures 5B and 5C). 
For comparison, a 39-mer DNA ligand that binds to human thrombin with a of 

25 0.5 nM (ligand T39 (SEQ ID NO.: 1 77): 

5'-CAGTCCGTGGTAGGGCAGGTTGGGGTGACTTCGTGGAA[3'T], where 

[3'T] represents a 3'-3' linked thymidine nucleotide added to reduce 3'-exonuclease 
degradation) and has a predicted stem-loop sUiicture. binds to PDGF-AB with a K, 
of 0.23 fM (data not shown). 
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FVWfPLE in kTNFTIC STARH ITV OF PDCF-NUC LEIC ACID 
r ir.AND COMPI-EXES 

In order to evaluate the kinetic stability of the PDGF-AB/DNA complexes, 
the dissociation rates were determined at 37°C for the complexes of minimal 
ligands 20t, 36t and 41t (SEQ ID NOS:172-174) with PDGF-AB by measuring the 
amount of radiolabeled ligands (0.17 nM) bound to PDGF-AB (1 n.M) as a 
function of time following the addition of a large excess of unlabeled ligands 
(Figure 6). At these protein and DNA ligand concentrations, only the high affinity- 
fraction of the DNA ligands binds to PDGF-AB. The following values for the 
dissociation rate constants were obtained by fitting the data points shown in 
Figure 6 to the first-order rate equation: 4.5 ± 0.2 x 10"^ s'' (t,/, = 2.6 min) for 
ligand 20t, 3.0 ± 0.2 x lO"' s'' (t,;, = 3.8 min) for ligand 36t, and 1.7 i O.l x 10"^ s"' 
(tip = 6.7 min) for ligand 4 It. The association rates calculated for the dissociation 
constants and dissociation rate constants (ko„=kon/Kd) are 3.1 x 10^ M-'s"' for 20t, 
3.1 X 10^ M-'s-' for 36t and 1.2 x 10' M-'s"' for 41t. 
EXAMPLE 11- THERMAL MELTING PROPERTIES 

In order to examine the ability of minimal ligands 20t, 36t and 4 It to 
assume folded structures, their melting temperatures (T„'s) were determined from 
the UV absorbance vs. temperature profiles in PBSM or PBSE buffers. At the 
oligonucleotide concentrations used in these experiments (320-440 nM), only the 
monomeric species were observed as single bands on non-denatunng 
polyacrylamide gels (data not shown). Ligands 20t and 4 It underwent thermal 
melting that is well described by a two-state (foldedi and unfolded) model with 
linearly sloping baselines (Petersheim and Turner (1983) Piochem. 22:256-263) 
with T„ values in PBSM buffer of 43.8 ± 0.4 'C and 49.2 ± 0.5 'C, respectively. 
In PBSE buffer, similar T„ values were obtained: 44.8 ± 0.5 'C for ligand 20t and 
48.0 ± 0.5''C for ligand 4lt. Ligand 36t exhibited a more complex thermal 
melting profile in which two distinct transitions were observed. In this case, the 
data were well described by a three-state model in which the fully folded and the 
unfolded states are connected through a partially unfolded intermediate results. 
Using this model, we obtained two T„ values for ligand 36t: 47.0 ± 0.9 'C and 
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67. 1 i 3.8 "C in PBSM buffer and 44.2 = 1 .7 =C and 64.3 = 4. 1 'C in PBSE 
buffer. 

rvAMPT.F. 12 ounTn-rROSST T >'vmr. pF NUCT FTr ACTD LIG.^NDS 

5 ANT) PDGF 

In order to determine the sites on the DNA ligands and PDGF that are in 
close contact, a series of photo-crosslinking experiments were performed with 
5--iodo-2'-deoxyuridine (IdU)-substituted DNA ligands 20t. 36t and 41t (SEQ ID 
NOS:172-174). Upon monochromatic excitation at 308 nm, 5-iodo- and 
5-bromo-substituted pyrimidine nucleotides populate a reactive triplet state 
following intersystem crossing from the initial n to n* transition. The excited 
[1! triplet state species then reacts with electron rich amino acid residues (such as Trp, 

Tyr and His) that are in its close proximity to yield a covalent crosslink. This 
method has been used extensively in studies of nucleic acid-protein interactions 
since it allows irradiation with >300 nm light which minimizes photodamage 
(Willis et ai. (1994) >inH.i. Acids Res. 22: 49474952; Stump, W. T., and Hall. 
K. B. (1995) RNA i: 55-63; Willis et ai. (1993) Science . 262: 1255-1257; 
Jensen (1995) Pror N.tl Ar.d Sci.. U. $. A- 22: 12220-12224). Analogs 
ofligands 20t, 36t and 41t were synthesized in which all thymidine residues were 
20 replaced with IdU residues using the solid phase phosphoramidite method. The 
affinity of these IdU-substimted ligands for PDGF-AB was somewhat enhanced 
compared to the unsubstinited ligands and based on the appearance of bands with 
slower electrophoretic mobility on 8% polyacrilamide/7 M urea gels, all three 5' 
end-labeled IdU-substituted ligands crosslinked to PDGF-AB upon irradiation at 
25 308 nm (data not shown). The highest crosslinking efficiency was observed with 
IdU-substimted ligand 20t. To identify the specific IdU position(s) responsible for 
the observed crosslinking, seven singly or multiply IdU-substituted analogs of 20t 
were tested for their ability to photo-crosslink to PDGF-AB: ligands 20t-Il 
through 20t-I7 

30 (S'-TGGGAGGGCGCGT-T-CT'T'CGT^GGT'rACrT^WAGrCCCG-S- 

(SEQ ID NOS:178-184) where the numbers indicate IdU substitutions at indicated 
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thymidine nucleotides for the seven ligands). Of these seven licands. efficient 
crosslinking to PDGF-AB was observed only with ligand 20t-I4. The 
photo-reactive IdU position corresponds to the 3' proximal thymidine in the loop 
at the helix junction (Figure 4). 

To identify the crosslinked annino acid residue(s) on PDGF-AB, a mixture 
of 5' end-labeled 20t-I4 and PDGF-AB was incubated for 15 min at 37°C followed 
by irradiation at 308 nm. The reaction mixture was then digested with modified 
trypsin and the crosslinked fragments resolved on an 8% polyacrylamide/7 M urea 
gel. Edman degradation of the peptide fragment recovered from the band that 
migrated closest to the free DNA band revealed the amino acid sequence 
KKPIXKK (SEQ ID NO: 185), where X indicates a modified amino acid that 
could not be identified with the 20 derivatized amino acid standards. This peptide 
sequence, where X is phenylalanine, corresponds to amino acids 80-86 in the 
PDGF-B chain (Johnsson et al, fl984^ EMBOI 3: 921-928) which in the crystal 
structure of PDGF-BB comprises a part of solvent-exposed loop III (Oefher et al, 
(1992) EMSOJJl: 3921-3926). In the PDGF A-chain, this peptide sequence 
does not occur (Betsholtz et al, (1 986) Nature 320 . 695-699). Together, these 
data establish a point contact between a specific thymidine residue in ligand 20t 
and phenylalanine 84 of the PDGF B-chain. 

EXAMPLE 13. INHIBTTION OF PDGF RV NT JCLETC ACTD T JOANDf; 

In order to determine whether the DNA ligands to PDGF were able to 
inhibit the effects of PDGF isofonns on cultured cells, the effects on binding of 
'"I-labeled PDGF isofonns to PDGF a- and 6-receptors stably expressed in 
porcine aortic endothelial (PAE) cells by transfection was determined. Ligands 
20t, 36t and 41t (SEQ ID NOS:172-174) all efficiently inhibited the binding of 
^"I-PDGF-BB to PDGF a-receptors (Figure 7) or PDGF B-receptors (data not 
shown), with half maximal effects around 1 nM of DNA ligand. DNA ligand T39, 
directed against thrombin and included as a control, showed no effect. None of 
the ligands was able to inhibit the binding of *-^I-PDGF-AA to the PDGF 
a-receptor (Figure 7), consistent with the observed specificity of ligands 20t, 36t 
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and 4 It tor PDGF-BB and PDGF-AB. 

The ability of the DNA ligands to inhibit the mitogenic effects of 
PDGF-BB on PAE cells expressing PDGF B-receptors was investigated. As 
shown in Figure 8, the stimulaton- effect of PDGF-BB on [^H]thymidine 
incorporation was neutralized by ligands 20t, 36t and 41t. Ligand 36t exhibited 
half maximal inhibition at the concentration of 2.5 nM; ligands 41t was slightly 
more efficient and 20t slightly less efficient. The control ligand T39 had no effect. 
Moreover, none of the ligands inhibited the stimulatory effects of fetal calf serum 
on [^H]thymidine incorporation in these cells, showing that the inhibitory effects 
are specific for PDGF. 

p vAMPTTT Id p05;T.S VT FYPROrFSSNTTCT.KOTIDE 

<;Tm<;TlTTITIONS 

The stability of nucleic acids to nucleases is an important consideration in 
efforts to develop nucleic acid-based therapeutics. Experiments have shown that 
many, and in some cases most of the nucleotides in SELEX-derived ligands can 
be substituted with modified nucleotides that resist nuclease digestion, without 
compromising high affinity binding (Green et al, (1995) rhe mistrv and BiolQgv 
2:683-695; Greene/ a/.. (1995) LMiL£kL 247, 60-68). Experiments of this 
) type with the DNA ligands reported here suggest that substitutions with modified 
nucleotides are tolerated at many positions (Figure 9; SEQ ID NOS:175-176). 
Specifically, we have examined the substitution of 2'-0-methyl-2'-deoxy- and 
2'-nuoro-2'-deoxyribonucleotides for 2'-deoxyribonucleotides in ligand 36t, by 
examining the PDGF-AB binding properties of singly or multiply substituted 
5 ligand 36t. The substitution pattern indicated in Figure 9 is compatible with high 
affinity binding to PDGF-AB. Furthermore, this ligand tolerates the substitution 
of pentaethylene glycol spacers (Glen Research, Sterling. VA) for the trinucleotide 
loops at the ends of helices II and III (Figure 9). These DNA ligands therefore 
represem lead compounds for a novel class of high affinity, specific antagonists of 
30 PDGF-AB and PDGF-BB. 
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EXAMPLF 15. EXPKRIM ENTAI. PROrFDURF FOR rvni VTxr. 
2'-FLUORO-2'-nF.OXYP VRIMini\F RNA Lir.ANnS TQ pnOF A>T> 
RNA SEQUENCES OBTAT>nrr) 

A. 2'-FLUORn. 2'-DFOXYPVRINnDINK RNA «;ft TV 

SELEX with 2'-fluoro-2'-deoxypyrimidine RNA targeting PDGF AB was 
done essentially as described previously (vide supra, and Jellinek et al, (1993, 
1994) supra) using the primer template set as shown in Table 12 (SEQ ID 
NOS: 125-127). Briefly, the 2'-fluoro-2'-deoxypyrimidine RNA for affinity 
selections was prepared by in vitro transcription from synthetic DNA templates 
using 11 RNA polymerase (Milligan et al, Nuci. Acids Res , 8783 (1987)). 
The conditions for in vitro transcription described in detail previously (Jellinek et 
al., (1994) supra) were used, except that higher concentration (3 mM) of the 
2'-fluoro-2'-deoxypyrimidine nucleoside triphosphates (2'.F-UTP and 2'-F-CTP) 
was used compared to ATP and GTP (1 mM). Affinity selections were done by 
incubating PDGF AB with 2'-fluoro-2'-deoxypyrimidine RNA for at least 15 min 
at 37 °C in PBS containing 0.01% human serum albumin. Partitioning of free 
RNA from protein-bound RNA was done by nitrocellulose filtration as described 
(Jellinek et al, (1993, 1994) supra). Reverse transcription of the affinity-selected 
RNA and amplification by PGR were done as described previously (Jellinek et al, 
(1 994) supra). Nineteen rounds of SELEX were performed, typically selecting 
between 1-12% of the input RNA. For the first eight rounds of selection, suramin 
(3-15 AtM) was included in the selection buffer to increase the selection pressure. 
The affmity-enriched pool (round 19) was cloned and sequenced as described 
(Schneider et al, (1992) Supra). Forty-six unique sequences have been identified, 
and the sequences are shown in Table 13 (SEQ ID NOS: 128-1 70). The 
unique-sequence ligands were screened for their ability to bind PDGF AB with 
high affmity. While random 2'-fluoropyrimidine RNA (Table 12) bound to PDGF 
with a dissociation constant (Kd) of 35 ± 7 nM, many of the affinity-selected 
ligands bound to PDGF AB with = lOO-fold higher affmities. Among the unique 
ligands. clones 9 (K, = 91 ± 16 pM). 1 1 (K^ = 120 ± 21 pM), 16 (K^ = 1 16 ± 34 
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oM) ^3 (K. = 173 . 38 pM). 25 (K. = 80 . 22 pM). 37 (K. = 97-9 pM,. 38 (K. 
= 74 i 39 pM). and 40 (K, = 9 1 ± 32 pM) exhibited the highest affinity for PDGF 
AB (binding of all of these ligands to PDGF AB is biphasic and the for the 
higher affinity binding component is given). 

5 

^.v.vtm r 1^ F.XP^PTVTFNTAT. PROCEDURES 

This Example provides the general procedures followed and incorporated 
in Examples 17-19 for the evolution of nucleic acid ligands to hKGF. 
A Mflteria ^^ ^"^ Methods 
I 10 A I^ecombinant human Keratinocyte Growth Factor (hKGF) and human 

A^S Ef^^n^Growth Factor (hEGF) were purchased from Upstate Biotechnology 

[^! Inc.(Lake Lid, NY). haFGF, hbFGF, PDGF-AB, TGFp 1, and anti-KGF 

neutralizingVonoclonal antibody were purchased from R&D Systems 
(MinneapolisViN). Recombinant rat KGF was purchased from QED Advanced 
Research Tech\logies (San Diego, CA). Human thrombin was purchased from 
Enzyme Researckaboratories (South Bend. IN). T4 DNA ligase. Hpall 
methylase, and resktion enzymes were purchased from New England Biolabs 
(Beverly, MA). pcLcript Amp SK(+) cloning kit was purchased from 
Stratagene (La Jolla, \). AMY reverse transcriptase was purchased from Life 
Sciences (St. PetersburAPL). Taq DNA polymerase was purchased from Perkin 
Elmer (Foster City, CA).\lltrapure nucleotide triphosphates were purchased from 
Pharmacia (Piscataway, Nj\ a-«-p-ATP, y-'^P-ATP, and 5-P-cytidine 3', S'-bis 
(phosphate) (5'"P-pCp) wereVom DuPont NEN Research Products (Boston. 
MA). -Mabeled KGF was pAmared as described before (Bottaro et al., (1990) 
TRiol .Chem 26i:12767-12770\ PC-3 prostatic carcinoma cells were obtained 
from ATCC (catalog number C Al435). Balb/MK cells and NIH3T3 transfected 
cells with the human KGF receptoWH3T3/KGFR) were a generous gift from S. 
Aaronson. Mt. Sinai Medical CenteX NY. and have been described elsewhere 
(Miki et al, (1992) frorN^I ^rad.sVuSA S2-.246-250; Miki et a/.. (1991) 
Science 211:72-75; Weissman et al, (}983) CsU 22;599.606). T7 RNA 
polymerase, 2^- and 2T-modifred c\ and UTP were from NeXstar 
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Pharmaceuticals, Inc. (Boulder, CO). DNA oligonucleotides were obtained from 
Operon Technologies, Inc. (Alameda, CA), Nitrocellulose/cellulose acetate mixed 
matrix, 0.45 fim, HA filters were from Millipore (Bedford, MA). Calcium and 
magnesium containing Dulbeco's Phosphate Buffered Saline (DPBS) was 
purchased from Life Technologies (Gaithersburg, MD). Chemicals were at least 
reagent grade and purchased from commercial sources. 
B. SELEX 

le SELEX procedure has been described in detail in US patent 5,270,163 
(see also Tiaerk and Gold (1990) Science 249:505-510). A single-stranded DNA 
ll 1 0 (ssDNA) poal was used to generate the double-stranded (dsDNA) template for 

1=; generating th^nitial random sequence RNA pool by transcription. The DNA 

ly template contaif^ed 40 random nucleotides, flanked by 5' and 3' constant regions 

" for primer anealirtg sites for PGR and cDNA synthesis (Table 14; SEQ ID 

^ NOS: 1 86-1 88). TWe 5' primer contains the T7 promotor sequence for in vitro 

f y 1 5 transcriptions. The template was PGR amplified following an initial denaturation 

tj at 93 *G for 3.5 minute^hrough 1 5 cycles of 30 second denaturation at 93 'C, 1 

minute annealing at 60"(jKand 1 minute elongation at 72**G, in 50 mM KCl, 
lOmM Tris-HGl, pH9, O.l^yTriton X-100, 3 mM MgGl^, 0.5 mM of each dATP, 
dCTP, dGTP, and dTTP, 0.1 kits/Ml Taq DNA polymerase, and 2.5 nM each of 
20 3G7 and 5G7 primers (Table iV SEQ ID NOS.187-188). SELEX experiments for 
hKGF were initiated with a random sequence pool of RNA in which all 
pyrimidines were 2'-NH2-modifieil or 2-F-modified. Transcription reactions were 
done with about 5ptM DNA template, 5 miis/fA T7 RNA polymerase, 40mM 
Tris-HGl (pH8), 12 mM MgCL, 5mM DTT, ImM spermidine, 0.002% Triton 
25 X-100, 4% PEG 8000, 2-4 mM each )k)H ATP, 2'OH GTP, 2'NH2 or 2T CTP, 
2'NH2 or 2T UTP, and 0.25 mM a ^^p Aqh ATP (800 Gi/mmole). The full length 
transcripts were gel-purified prior to use\ To prepare binding reactions, the RNA 
molecules were incubated with recombinant hKGF in Dulbecco's 
Phosphate-Buffered Saline (DPBS) with ca\cium and magnesium (Life 
30 Technologies, Gaithersburg, MD, Gat. No 2^00-025) containing 0.01% human 
serum albumin. Following incubation at roon\temperature (ranging from 10 
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. - ,0 1 0 bourse the protein-RK A complexes were par.Uioned f.on. ur.bou.d 
n.muie. to 10 hours) P ..^,,,,eliulose niter bound RXa was 

R\- A bv filierins through nitrocellulose. Nitroceu 
RNAD>im'^""= - •• OVA was reverse 

■nM A hv ^MV reverse transcnpta^e at 4a v. i 
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U.Sim!>ii'>i^''>^ , 8 filte,. was reverse transcribed and 
RNA recovered fton, the round 8 filters ™^ 
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methylated with Hpall methylase fNew England Biolabs. Beverly, MA), The 
methylated DNA was cloned into the Srfl restriction site of pCR-Script Direct 
SK(-^) plasmid using the pCR-Script Amp SK(+) cloning kit (Stratagene Cloning 
Systems, La Jolla, CA). About 80 clones were sequenced with Sequenase 
5 sequencing kit (United States Biochemical Corporation, Cleveland, OH). 

Sequence analysis and secondary structure prediction was done by using 
previously described computer software (Feng and Doolittle (1987) J. Mol. EvqL 
25:351-360; Jaeger et ai, MQRQ^ Pmc N^rl Acad. Sci. USA 86:7706-7710: 
Jaeger et al, (1990) Methods EnzvmoL 181:281-306; Zucker (1989) Science 

10 244:48-52). 

F. Determination of Minimal Sequences Necessary for Binding 
Oligonucleotide ligands end labeled at the 5' end with y-^"P-ATP using T4 
polynucleotide kinase, or at the 3' end with 5'-^^P-pCp and T4 RNA ligase, were 
used to establish 3' and 5* boundaries respectively (Fitzwater et al, (1996) 
1 5 Methods EnzvmoL 262:275-30 1 ). After partial alkaline hydrolysis, the 

radiolabeled oligonucleotide was incubated with 0.1, 0.6, and 3.0 nM hKGF, and 
the protein bound oligonucleotide was isolated by nitrocellulose filtration. The 
nitrocellulose retained oligonucleotide truncates were analyzed on a high 
resolution denaturing polyacrylamide gel. An alkaline hydrolysis ladder and a 
20 ladder of radioactively labeled ligands terminated with G-residues, generated by 

partial RNase Tl digestion, were used as markers to map the 3* and 5' boundaries. 
F. Thermal Dena turation Profiles 

Oligonucleotide melting profiles were obtained with a Gary Model IE 
spectrophotometer. Oligonucleotides were heated to 95°C in PBS (Sambrook et 
25 a/., (1989) Molecular Clonina: A Laboratory Manu al. 2nd Ed., Cold Spring 

Harbor, NY) or 10 mM phosphate buffer and cooled to room temperature before 
recording the melting profile. The mehing profiles generated show the change in 
absorbance at 260 nm as a function of temperature. During recording, the samples 
were heated at a rate of 1°C min-' from 20-95°C. 
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FXAMPLE 17. RNA LIHANDS TO hKGF 

A. SELEX 

To generate RNA ligands for hKGF, two parallel SELEX experiments 
were initiated, one with 2'-NH2 and the other 2'-F pyrimidine modified RNA 
molecules randomized at 40 contiguous positions. The SELEX conditions and 
results for each round are summarized in Table 15. The starting pool contained 
5x10" (500 pmoles) and 2.5x10'' (250 pmoles) 2'-NH3 and 2'-F pyrimidine 
modified RNA molecules, respectively, and bound to hKGF with an approximate 

of 30 nM. After 8 rounds of SELEX, the evolved pools bound with a A'o of 0.6 
nM. No ftirther improvement in the was observed in the subsequent two 
rounds. The RNA pools from the 8th round w^ere reverse transcribed, PGR 
amplified and cloned as described. 

B. RNA sequences 

In the 2'-NH2 SELEX, 29 out of 3 1 clones were tinique. In the 2'-F 
SELEX all 43 clones sequenced were unique. A unique sequence is defined as 
one that differs from all others by three or more nucleotides. Table 16 lists the 
sequences (SEQ ID NOS: 189-262) of all of the clones sequenced in standard 
single letter code (Gomish-Bowden, (1985;! Nucleic Acid Res 1 3 :302 1 -30301 
Gomputer assisted global and local alignment did not reveal any extensive 
homologies among the clones, and no obvious families were apparent. The 
2'-NH2 clones are in general purine rich while the 2*-F clones are pyrimidine rich. 
When the alignment parameters were relaxed, the Feng/Doolittle algorithm 
grouped the 2'-NH2 clones in one family and the 2*-F clones in another. Visual 
inspection of the sequences suggested two and three possible families for the 
2*-NH2 and the 2'-F ligands, respectively. Using conserved predicted secondary 
structure, 38 2T ligands could be assigned into two classes (Figures 12A and 
12B). Similarly, 15 2'NH2 ligands could be assigned into two classes (Figures 
12G and 12D). The two proposed classes for the 2'F ligands can be folded into 
pseudoknot structures (Wyatt et al, (1993) The RNA Worid 465-496; ten Dam, E. 
(1992) Biochemistry 11:1665-1676). These structures are very related and in fact 
they could be circular permutations of a common structure. Loop 3 (L3) of class 1 
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pseudoknots presents the conser\ed sequence 5'RRYuy while loop 1 (LI) of class 
2 ligands presents the sequence 5'AaYY. Both of these sequences contain the 
consensus 5'RRYY. Some of the 2'F ligands contain tv,-o to three copies of the 
RRYY sequence (Figures 12A and 12B). Another feature of these structures is the 
5 unequal distribution of purines and pyrimidines in stem 1 (SI). One strand of that 
stem contains almost exclusively purines while the other strand contains 
pyrimidines. 

Class 1 of the 2'NH: ligands includes 8 members that can be folded into 
stem-loop structures with internal symmetric or asymmetric loops. The stem 

1 0 contains three consecutive GC base pairs. The terminal loops are long and present 
the conserved sequence 5'GGAA(N),.,4YAA(N),,RCRR (SEQ ID NO:263). Both 
sides of the internal asymmetric loops of the class 1 ligands contain the sequence 
5'AA. Class 2 includes 7 ligands that can be folded into dumbbells with variable 
sized loops. One loop contains the conserved sequence 5'YGAY while the other 

1 5 loop contains the conserved sequence 5'GGAA(N)mYGA (SEQ ID NO:264). 
Clones 2N and 54N are circular permutations of the remaining 5 clones. 
r. Affinities 

The dissociation constants of the hKGF ligands were determined by 
nitrocellulose filter binding and are listed in Table 17. Eight out of 41 2'-F ligands 
20 bound biphasically. The remaining of the 2'-F and all the 2'-NH2 ligands bound 
monophasically. Under protein excess, biphasic binding suggests that the ligand 
exists as two affinity species (presumably isoconformers) that are not in 
equilibrium. The best 2'-F-modified ligand, K14F, binds biphasically with the 
high and low affinity dissociation constant at about 0.3 -3pM and 2-10 nM 
25 respectively. There is some observed variability in the determinations for the 
various clones and the random RNA. Despite the experimental variability in the 
Kd determinations, the high affinity species of K14F have a 1,000-5,000 fold 
better affinity than the random RNA. Among the monophasic 2'-F-modified 
ligands, K38F had the best KD of about 0.3nM. The best 2'-NH2-modified ligands 
30 bound with a KD of 0.4nM which represent about 75 fold improvement over the 
random RNA. 
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n. Dcterminntinn of Minimal Sequen ces Necessary for Binding 
Two 2'F ligands (6F and 14F) (SEQ ID NOS:223 and 23 Ij v.ere studied 
funher lo determine the minimal sequences necessar>- for binding. Sequence 
boundaries were determined by allowing an alkaline hydrolysis ladder, labeled at 
the 3' or 5" end, to bind to hKGF. The partial fragments were affinity purified by 
nitrocellulose filtration and analyzed on high resolution denaturing gels. 
Boundaries were clearly observed only at the 3' ends for both ligands (Figure 13) 
and are in agreement with the class 1 proposed folding as shown in Figures 12A 
and 12B. Truncated templates were then used to confirm the boundaries (Figure 
13). Three truncates were tested for 6F because a run of 7 consecutive 
pyrimidines did not allow the precise mapping of the boundar>'. From these three 
truncates, one lost its KGF binding activity as shown in Figure 13. A single 14F 
truncate, designated 14F3'T, was tested. This truncate was two bases longer than 
the observed boundary in order to extend stem 2 (S2) of the proposed pseudoknot 
structure. The 14F3T truncated ligand retained binding activity with affmity 
similar to the full length ligand. Like the ftiU length ligand, 14F3T bound KGF 
biphasically where the high affinity species represented about 20% of the 
molecules and showed K, values of about 0.3-3 pM. These high affinity species 
when partially separated from the low affinity species on the basis of differential 
affinity to KGF, exhibited binding curves with mid points at 0.3-3 pM and 
maximum plateaus of about 70% (data not shown). Figure 13 shows the predicted 
folding of the shortest active truncates for 6F and 14F which are 53 and 49 bases 
long respectively. Both proposed pseudoknot structures contain relatively long 
stems. The two proposed stems of 6F are separated by a single base forming a 
non-H-type pseudoknot. The proposed 6F structure resembles the solution 
structure of a similar pseudoknot motif from a frame-shifting element found in the 
MMTV RNA (Shen et al. (1995) LMoLEiflL 242:963-978). The two stems (SI 
and 82) of 14F could be drawn as two coaxially stacked helices of 16 base pairs 
total length (H-type pseudoknot). A Similar pseudoknot structure has been 
proposed before, based on NMR data (Du et al., (1996) PiochgmistrY ii:4187- 
4198). Given the short length of LI, it is possible that ligand 14F forms a 
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non-H-type.pseudolcnot where the last GU base pair of SI is not formed aUowing 
a more flexible helical region and a longer LI. Temperature melting cur\-es of 
14F and 14F3T suggest a remarkable thermostabilir\' for this ligand (data not 
shown). These melting curves appear to be concentration independent and 
5 biphasic in 1 50 mM salt. Diphasic melting curves have been observed before with 

tRNA (Hilbers et al, (1976) Bkdiemistry 15:1874-1882), and have been 
attributed to the tertiary folding of the RNA molecule. Multiphasic temperature 
transitions have also been proposed for RNA pseudoknots (Du et ai, (1996) 
Biochemistry 15 :4 1 87-4 1 98). The biphasic curves observed include a low Tm at 
10 about 55°C and a high Tm of greater than 85-90°C. In 10 mM salt the low Tm of 

14F is not observed while the high Tm is shifted down to 75-78°C. The melting 
profile for 14F appears to be flatter than 14F3T even though the Tm values are the 
same. The data suggest that the observed thermostability is attributable to just the 
minimal 49-mer. 

15 In an effort to identify shorter KGF ligands that retained binding, the 

binding activity of various deletions of the shortest truncate of ligand 14F, namely 
14F3T were tested. Deletions were tested in all the structural elements of the 
proposed pseudoknot structtire. The results are summarized in Table 23 (SEQ ID 
NOS:272-304). RNA transcripts containing 2T pyrimidines and 2'OH purines 

20 were obtained by in vitro transcription using synthetic DNA templates. The 
activity of each ligand is shown by scoring for both the high (H) and low (L) 
affinity component of the 14F3T binding curve with + (active) or - (not active). 
Truncates T35 and T36 represent two complementary halves of 14F3T molecule 
and were additionally tested as an equimolar mixture. The structural elements of 

25 the proposed pseudoknot structure are separated by (|) and are indicated by 

symbols SI (stem 1), S2 (stem 2), LI (loop 1) and L3 (loop 3). The proposed 
pseudoknot structure for 14F3T is a non-H-type pseudoknot and lacks L2 (loop 
2). The complementary sequences forming SI (SI and ST) and S2 (S2 and S2') 
are marked by single and double underlines respectfully. In the tabulated 

30 sequences, deleted bases were replaced with periods (.). Any deletion attempt in 
the stems SI and S2 of the proposed pseudoknot structure resulted in loss of both 
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the hieh CHj and low (L) affinirv- component of the binding curve as obser\'ed with 
the 14F3T ligand. Deletions in loop 5 (L3). however, were tolerated as long as 
one copy of the RRYY box remained intact. The shortesl ligand that retained 
activit>' is T22 which is a 43-mer. In trying to obtain shorter ligands by truncating 
L3 ftinher a mutant version of T22 (designated T22mu) was used where the last 
GC base pair of S 1 was eliminated by a G to U mutation at position 6. The 
reasoning for this mutation was to enhance the flexibility of the double stranded 
region of this ligand by allowing an unpaired base between SI and S2. Although 
this mutation did not affect the binding of T22 it did not allow further active 

truncations in L3. 

F. Specificity of RNA Ljp ands to hKGF 

The specificity of the K14F ligand was tested by determining its Kq 
against rat hKGF, and the heparin binding human growth factors, aPGF, bPGF, 
and PDGF (Table 1 8). The results suggest that the K14F binds all tested targets 
like random RNA, except hKGF, and it can discriminate between hKGF and 
other similar proteins by a factor of 400-40,000. 

The specificity of ligand 14F3T was tested by determining its against a 
variety of heparin binding proteins. The results summarized in Table 22 show that 
ligand 14F3'T can discriminate KGF from all other heparin binding proteins tested 
by a factor of 1.2xl0*-3xl0'». Ligand 14F3T binds only to KGF with high affinity 
while it binds all other heparin binding proteins tested like random RNA. Binding 
of 14F3'T to the rat KGF, which is 91% identical to human KGF, is with about a 
5-10 fold reduced affinity. Similar specificity was observed during the inhibition 
of the KGF induced DNA synthesis of Balb/MK cells. Ligand 14F3'T inhibits rat 
KGF induced DNA synthesis with a /C, of 1 .8 nM which is 20-50 fold higher than 
the K, observed with the human KGF. Ligand 14F3T inhibits the DNA synthesis 
of Balb/MK cells only if it is the result of KGF but not EGF stimulation (data not 
shown). 
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FVAMPl.E 18, rNHTRITION OF hkT.F BINDING TO CELL SURFACE 
RFCFPTORS 

^ Rppeptor B inding Assay 

To test the ability of the hKGF ligands to competitively inhibit the binding 
of hKGF to its cell surface receptor, two cell lines were used. The first cell line, 
PC-3, is an isolate from a grade IV prostatic adenocarcinoma (ATCC CRL 1435). 
The second cell line is designated as NIH3T3/FGFR-2 and is a recombinant 
NIH/3T3 cell line carrying the human hKGF receptor at about 0.5-1X10' high 
affinity KGF binding sites per cell (Miki et ai, (1992) Pror Natl. Acad. Sci.USA 
89:246-250). 

PC-3 cells were plated in 24-well plates at about 10' cells per well. 
Following growth for 48-36 hours, the cells were serum starved for 24 hours, 
washed two times with 500 m1 of cold DPBS, and then incubated with 500 
binding buffer (BBl; DPBS. 0.5mM MgClj, 0.2% BSA. 0.02% sodium azide) 
containing various concentrations of '"I-labeled KGF ranging from 0 to 0.8 nM. 
Following 3-3.5 hour incubation at 4»C, the binding mixes were aspirated and the 
well-adhered cells were washed two times with 1 ml BBl and once with 1 ml BBl 
supplemented with 0.5M NaCl. The remaining bound labeled hKGF was 
solubilized in 600 mI 0.5% SDS/O.IM NaOH and counted in a gamma counter 
(Beckmann). Nonspecific binding was determined in the presence of 100 fold 
molar excess of unlabeled hKGF. For competition assays, the labeled hKGF was 
kept constant at 0.3 nM, and varying concentrations of competitor molecules were 
included in the binding reactions ranging from 0 -1,000 nM. Binding curves were 
fitted to the equation: 

[Bound Tracer]=([Total Tracer]* [Receptorl)/(KD+[Total Tracer]) 

where [Total Tracer] and [Bound Tracer] were fixed and the Kp and [Receptor] 
were determined by regression analysis using the software Kaleidagraph (Synergy 
Software, Reading, PA). 
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NIHSTj/XCFR-: cells were plated in 24-vvell plaies at about 10' cells per 
well. Following growth overnight, the cells were serum starved for 1-5 hours, 
washed two times with 500 fx\ binding buffer (BB2: semm-free MEM growth 
medium, 0.1% BSA, 25mM HEPES, pH 7.4), and then incubated with 250 m1 BB2 
5 containing l^g/ml heparin (from bovine lung, SIGNU, St. Louis, MO), 

'-^I-labeled hKGF at 0.03 nM, and vary ing concentrations of competitor molecules 
(300nM-0nM). Following 1 hour incubation at room temperature, the binding 
mixes were aspirated, and the wells were washed tw^o times with 250 ^1 cold 
DPBS and once with 250 ^1 cold DPBS supplemented with 0.5M NaCl. The 
1 0 bound labeled hKGF was solubilized in 500 i^l 0.5% SDS and counted in a 
scintillation counter (Beckmann). 

The inhibition constants (Ki) of the RNA ligands were determined by a 
nonlinear regression analysis of the data. 

In search of KGF receptors on the surface of PC-3 cells, different 
1 5 concentrations of '"I-hKGF were used, ranging firom 0.002 to 0.8 nM, in the 

presence and absence of 100 fold molar excess of unlabeled hKGF, and saturation 
binding of the tracer on the surface of PC-3 cells was observed. Figure 10 shows 
the plot of the concentration of bound tracer as a function of the total 
concentration of tracer as well as the Scatchard analysis of the same data. 
20 Analysis of the data suggested that there are about 5 ,000 specific hKGF binding 
sites per cell with a Kp of 1 00-200 pM. This Kd is in good agreement with the 
reported Kp for hKGF of 200 pM (Miki et ai, (1992) Pfoc n^t] A<?9d Sgj USA 
S2:246-250). 

PC-3 plasma membrane extracts were found to alter the electrophoretic 
25 mobility (gel shift) of radiolabeled hKGF upon native gel electrophoresis (Figure 
1 1). For electrophoretic mobility shift gels, about 3x10' PC-3 cells were gently 
spun and washed with PBS and then lysed by mixing with equal volume of lysis 
buffer containing 40 mM Hepes, pH 7.4, 150 mM NaCl, 20% glycerol, 2% triton 
X-100, 0.1% sodium azide, 3 mM MgClj, 3 mM EGTA, 2 mM aprotinin, 2 nU 
30 leupeptin, 2 mM PMSF, and 400 mM sodium orthovanadate. Following 15 min 
incubation on ice the extract was spun at 1 1,000 g at A°C for 30 min to remove 
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debris and nuclei and the supernatant was aliquoted and stored at -70=C. For gel 
analysis, 25;.l binding reactions were set in DPBS, 0.01% HSA. 2 m.M MgCK. 
containing 3 ^1 of a 10 fold diluted PC-3 membrane extract in 0.01% HSA, and 
various concentrations of '-'I-labeled hKGF. Following a 10 min incubation at 
room temperature, 6X loading dye was added to achieve IX concentration, and the 
samples were loaded onto a 5% or 10% native TBE polyacrylamide gel. The gel 
was prerun at room temperature at 100 Volts. Following loading, the gel was nin 
at 200 Volts for 5 min and then at 1 00 Volts for 30-60 min at room temperature. 
The radioactive bands were then visualized by autoradiography. The gel shift of 
radiolabeled hKGF is not observed in the presence of 100 fold molar excess of 
unlabeled hKGF (Figure 1 1), demonstrating a specific interaction between a 
component found in the PC-3 membrane extracts and hKGF. The estimated KD 
from the gel shift experiment is about 8 nM. 

In agreement with the competition experiments reported in the literattire 
(Miki et al, frnr-N^tl Ar.ad Sci USA S£:246-250), gel shift competition curves 
using unlabeled hKGF and bFGF as well as an unrelated small basic protein 
namely lysozyme were obtained. Table 21 lists the IC50 values obtained in this 
experiment. In agreement with previous reports, the data presented in Table 21 
show that bFGF competes about 20 fold worse than hKGF for binding with the 
hKGF receptor present in the PC-3 plasma membrane extracts. The interaction 
observed by the gel shift appears to be a specific interaction for FGF and it is not 
due to a charge-charge interaction, as lysozyme, another small positively charged 
molecule, competes for the PC-3 membrane extracf.hKGF complex with about 
100 fold worse affinity than hKGF alone. 

IC50 values for various RNA ligands obtained with the PC-3 assay are 
shown in Table 19. A subset of these ligands was tested on the NIH3T3/FGFR-2. 
Competitive inhibition constants (Ki) were determined from full competition 
curves and are summarized in Table 20. In determining the Ki values, it was 
assumed that 3T3 cells have 500,000 binding sites per cell and PC-3 cells have 
5 ,000 binding sites per cell. 
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The data show that several hKGF ligands can competiiively inhibit binding 
of hKGF to its cell surface receptors. Some of these ligands, such as K14F, have 
potent competitive activities with /Ti's in the low nM range. 

This work not only demonstrates that nucleic acid competitors for hKGF 
5 were obtained, but also identifies a new assay for screening hKGF competitors 

including small molecules, antibodies, and peptides. This new assay includes the 
use of the prostate csircinoma cell line, PC-3. 

• The two cell lines, PC3 and NIH3T3/FGFR-2, give slightly different 
results (see Table 20). KGF binding to PC-3 cells is more sensitive to inhibition 

10 by several ligands and by heparin. Random RNA, however, does not effectively 
compete for KGF binding on the PC-3 cells. KGF binding to NIH3T3/FGFR-2 is 
resistant to inhibition by some RNA ligands and heparin. This is because the 
NIH3T3/KGFR assay is more stringent since it is done in the presence of 1 ptg/ml 
heparin. The random oligonucleotide competition curve with the 

15 NIH3T3/FGFR-2 is completely flat with K, >10-* M. Ligands 6F and 14F show 
the best inhibitory activity with K, values of 100-200 pM and 2-8 nM in the PC-3 
and NIH3T3/FGFR-2 assay respectively. Only two 21^2 ligands, 14N and 29N, 
show good activity with the PC-3 cells {K, value of 1.4 nM). From these two 
ligands, only 14N retains its inhibitory activity in the NIH3T3/FGFR-2 assay 

20 showing a K, value of 100 nM. The observed inhibition of the KGF mitogenic 
activity by these ligands is not due to a nonspecific affect in the proliferative 
ability of the cell lines because these ligands have no antiproliferative activity on 
cells induced by EGF instead of KGF (data not shown). 

This work not only demonstrates that nucleic acid competitors for hKGF 

25 were obtained, but also identifies a new assay for screening hKGF competitors 

including small molecules, antibodies, and peptides. This new assay includes the 
use of the prostate carcinoma cell line, PC-3. 



30 
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EXAMPLE 19. INHIBITION OF THE MITOGENIC ACTIVITY OF KGF 
One of the biological effects of KGF is the stimulation of proliferation of 
epithelial cells (Rubin et aL. (1989^ Proc Natl Acad Sci USA 86:802-806). Tnis 
proliferative effect of KGF can be measured by the stimulation of ^H-thymidine 
5 incorporation in responding cells after exposure to KGF. Three such cell lines 

have been described before (Rubin et aL, (1989) Proc Natl Acad Sci USA 
86:802-806). Two cell lines were used to test the anti-mitogenic activity of 
various ligands. One is 4MBr.5 (ATCC #CCL208), a monkey epithelial, low 
passage, cell line (Caputo et ai, (1979) In Vitro 15:222-223) while the second is 

10 Balb/MK, a transformed rat keratinocyte cell line (Weissman and Aaronson 
(1983) £elI12:599-606). 4-MBr5 cells grown in F12K containing 30 ng/ml, 
hEGF, and 10% FCS, were trypsinized and resuspended in Ml 99 containing 10 
mM HEPES, pH 7.4, and 10 % FCS at 1.4x10^ cells/ml. A 96-well microtiter 
plate was seeded with 100 lA of cell suspension and KGF was added at 10 ng/ml 

1 5 (0.5 nM), as well as K14F ligand at various concentrations ranging from 0-1 000 
nM. Each incubation reaction was set in at least triplicates. Following,24 h 
incubation at 37°C, ^H-thymidine was added at 1 ^Ci/well along with unlabeled 
thymidine at 1 0 nM. The cells were incubated for additional 24 h, the supernatant 
was aspirated, and the remaining cells were harvested by lysis in 20 ^\ of 0.2 N 

20 NaOH. The extent of ^H-thymidine incorporation was determined by TCA 

precipitation and filu-ation through GFC filter disks (Whattman, Hillsboro, OR). 

Balb/MK cells grown in Low Ca^ EMEM with 10% FCS (dialyzed and 
heat inactivated) and 5 ng/ml rhEGF were trypsinized and resuspended in Low 
Ca"*EMEM with 1% FCS (dialyzed and heat inactivated) and 0.5 ng/ml rhEGF 

25 and plated on 96 well fibronectin coated culture plates at 4-6x10' cells per well in 
100 y\ total volume. Following overnight growth, the medium was replaced with 
Low Ca** EMEM without FCS or rhEGF and serum starved for about 30 hrs. 
Human recombinant KGF or EGF was then added at 16 and 49 pM respectively, 
along with various concentrations of competitors ranging from 0-1000 nM. 

30 Following over-night incubation, 'H-thymidine was added at 0.2 /iCi/well and 
incubation continued for an additional 7-8 hrs. The extent of ^H-thymidine 
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.ncorporation was detem.ined by TCA precipitation and filtration through GFC 

filter disks. 

The inhibition constants (A'.) of the oligonucleotide ligands were 
determined by a nonlinear regression analysis of the data as described before (Gill 
5 a/., ( 1 99 1 ) T Mol.Biol . m307-324). 

' The nvo assays give slightly different results. Tne 4MBr-5 assay was 
performed in the presence of fetal calf serum, while the Balb/NIK was done 
following serum starv-ation. The Balb/MK assay is more sensitive and a 
n prototypic assay for the KGF induced mitogenic activity. Similar to the results 

i 10 obtained with the PCS cells, the 4MBr-5 assay showed a good activity for ligand 

f ; 14F (K, value of 9.8 nM but incomplete inhibition). In the same assay, the 

ni random oligonucleotides showed values of >1 while a monoclonal 

neutralizing antibody showed a value of 2.9 nM. It appears that ligand 14F is 
as good or even better than the monoclonal neutralizing antibody. The 
competition curves for the neutralizing monoclonal antibody and ligand 14N 
plateau at about 20-40%, suggesting that these antagonists do not completely 
[=j abolish the KGF mitogenic activity. In contrast to the monoclonal antibody. 

ligand 14F completely blocks the KGF mitogenic activity on the 4MBr.5 cells. In 
the Balb/MK assay, 14N showed K-, values of about 10 nM (incomplete inhibition) 
while the random oligonucleotide showed values of about 300 nM. The 
values for 6F and 14F are 830 and 92 pM, respectively. Similar to the 4MBr.5 
assay, ligand 14F appears to be as good if not better than the monoclonal 
neutralizing antibody which shows a K; value of 980 pM. The best inhibitory 
activity was observed with 14F3T with a value of 34 pM. 
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TTVAMPT.EIO. 

Nucleic acid ligands that bind to basic fibroblast growth factor (bPGF) 
have been derived by the SELEX method as described in U.S. Patent No. 
5.459,015 (see also U.S. Patent No. 5,270,163 and Tuerk and Gold (1990) Science 
242:505-510). A 2'NH,-modified nucleic acid ligand designated 21 A having the 

sequence 5*- 



96/38579 




PCTAJS96/08014 



78 



GGGAGACAAG.\.AU.\--\CGCUCA--\GUAGACUA,AUGUGUGG.\.AGACAGC 
GGGUGGUUCGACAGGAGGCUCAC.A.ACAGGC (SEQ ID NO:265) was 
examined by deletion analysis for the minimal sequence information required for 
high affinity binding to bFGF. This analysis led to truncated ligand 21 A-t 
(QGUGUGUGGAAGACAGCGGGUGGuuc (SEQ ID NO:266) where the 
underlined G's are guanines added to improve efficiency of transcription and 
lowercase letters are from the constant region. 

In order to increase the stability of ligand 21 A-t against degradation by 
nucleases, short phosphorothioate caps were added to the 5' and the 3" ends. In 
addition, nine ribopurine positions were identified that can be substituted with 2'- 
deoxy-2'-0-methylpurines without a loss in binding affinity for bFGF, using the 
method described in Green et ai, Chem.Biol . 2:683-695, resulting in the ligand 
designated as NX-286 (5'-TsTsTsTs mGmGaU rGaUrG aUrGrG mArArG 
mAaCrA rGaCmG mGmGaU mGmGaU aUaC TsTsTsTsT-3' (SEQ ID NO:267), 
where s represents phosphorothioate intemucleoside linkage, all and aC are 2'- 
deoxy-2'-aminouridine and 2'-deoxy-2'-aminocytidine residues, respectively, mA 
and mO are 2'-deoxy-2'-0-methyladenosine and guanosine residues, respecitvely, 
rA and rG are adenosine and guanosine residues and T is 2'-deoxythymidine). The 
modified nucleic acid ligand had a of 0.4 nM as measured by electrophoretic 
mobility shift assay. 
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Table 1 



Nucleic Acid Sequences Used in SELEX Experiments 
described in Examples 1-4 



Starting RNAs: 

64N6 transcript: 

5- GGGGGAGAACGCGGAUCC [-64N.] AAGCUUCGCUCUAGAUCUCCCUULAGU 
GAGGGUUA 3' 

40K6 transcript: ^, „ ^ , . ^, t 

5- GGGGGAGAACGCGGAUCC [-40N-] AAGCUUCGCUCUAGAUCUCCCUULAGU 

GAGGGUUA 3' 

randomized lib2-6-l transcript*: 

5'GGGGGAGAACGCGGAUCC[ugucuccaccgccaauacugggguuccuggggccccuccauggag 
gaggggggugguucggaga]AAGCUUCGCUCUAGAUCUCCCUUUAGUGAGGGUUA 3' 

Starting DNA templates: 

Z-54 (64N60): 

5'GGGAGAACGCGGATCC [-64N-] AAGCTTCGCTCTAGA3* 

Zo5 (40N6): 

5'GGGAGAACGCGGATCC HON-] AAGCTTCGCTCTAGA3' 
D-123(randomized lib2-6-l)*: 

5'GGGGGAGAACGCGGATCC[tgtctccaccgccgatactggggncctggggcccctccaiggaggaggg 
gggiggncggaga]AAGCTTCGCTCTAG 3' 

PCR and clnnin^ primers: 
T7SacBam: 

5TAATACGACTCACTATAGGGG2AGICIGCQQAIQC3' 

Sacl BamHl 

T7SB2N: 

5TAATACGACTCACTATAGGGGGAGAACGC2GAICC3' 

BamHl 

3XH: 

5TAACCCTCACTAAAGGGAGAI£IAGAGCGM2£II3' 

Xbal Hindlll 

BamHl cloning site engineered into i pngm9zf to clone SELEX experiment? 3-2- 

r.AT^Ar.nTni^r^rTATAnAATATGCATCACTAGTAAGCmGCKIMA 

SP6 promoter ^^^^ 
rnj^rnnAnrTrrrTATAnTnAnTcnTATTA 

BamHl T7 promoter 

*GAUC or GATC, these bases only 

gauc or gact 62.5 % specified base. 12.5 % the other three bases 
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Table 2 

RNA SELEX Experiments described in Examples 1-4: template, pyrimidine 

nucleotides, and round cloned. 





SF.T.EX exD 
libl 


template* 
64N6 


T^uh-ititued UTP 
UH 


2'substituted CTP 


Round cloned 
20 




lib2 


64N6 


OH 


OH 


/: 
0 




lib3 


40N6+64N6 


F 


F 


4 




lib4 


40N6+64N6 




NH: 


5 


fa 


libS - 


64N6 


m^ 


NH 


13 


i - 
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64N6 
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14 


k 


libS 


D-123 


OH 


OH 


6 


fii 


lib9 


64N6 


NH: 


F 


5 


'■J 
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• Sequences of templates are described in Table 1. 
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Table 4 

Dissociation and Inhibition Constants 



PCT.XS96/08014 



Group 
A 



Orphans 



Controls 



Ligand 



lib3-13 



lib3-3 
lib4-32 

Iib5-5 

lib5-7 

lib8-9 

lib8-9* 

lib5-48 

lib2-6-4 

lib6-23 

Iib7-21**" 

lib7-43"" 

lib4-12 



lib3-44 
lib3-42 

lib 1 -20-3 

libl-20-3-82»* 

lib6-30*» 

lib2-6-l» 

lib2-6-l-81* 

Iib8-23* 
lib9-10» 

lib3-45 
lib 1-20-5'* 
libl-20-12*" 
libl-6-8'" 

lib5-9 

random 64N6 



D 






0.60 


0.9 nM 


9.7 nM 


0.38 


0.7 nM 


42 nM 


0.55 


0.9 nM 


18 nM 






32 nM 


0.44 


1 7 nM 


NT 


0.50 


0.8nM 


20 nM 






157 nM 


0.37 


2.4nM 


49 nM 


0.33 


3.4nM 


17 nM 


0.4 


L7nM 


210 nM 


0.35 


z.o nivi 


124 nM 


0.32 


3.8nM 


not inhibitory 


0.20 


3.lnM 


not inhibitory 


0.35 


3.4 nM 


not inhibitory 


U. 1 O 


9 4 nM 


not inhibitory 


0.33 


3.3 nM 


not inhibitory 


0.15 


0.4 nM 


109 nM 


0.08 


0.2 nM 


108 nM 






69 nM 


0.18 


1.3 nM 


ll9nM 


O.lO 


A di nM 


22 nM 


0.67 • 


30 nM 


not inhibitory 


0.46 


6.1 nM 


not inhibitory 


0.35 


8.8 nM 


not inhibitory 


0.40 


14.3 nM 


ll2nM 






103 nM 


0.39 


10.7 nM 


201 nM 






298 nM 


0.48 


6.6 nM 


not inhibitory 


0.24 


1,1 nM 


not inhibitory 


0.08 


1.9 nM 


not inhibitory 


0.42 


46 nM 


not inhibitory 


0.34 


3.1 nM 


NT 


0.12 


4.7 nM 


NT 



nonbinder 
nonbinder 



ligands are T- NH2 pyrimidines unless otherwise noted 
• 2'-NH2-UTP, 2'-F-CTP, 
2'-F pyrimidines, 
2'-0H pyrimidines, 
2'-F-UTP,T-NH2-CTP 



not inhibitory 
not inhibitory 
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Tabic 6 

T^FCI 40N7 DNA Selcx Sequence of 
Tifty randomly chosen clones. 

5 ' GGGAGGACGATGCg\. - . 4 on . . . CAGACGACTCGCCCGA 3 ' 




r,rouP A 

20 (11 clones) 

4 

5 

8 

13 
16 
40 
48 

18 
19 
32 
46 



CCAGGGGGGGTATGGGGGTGGTGCTACTTACTTGCGTCTT 

ccaggggggAtatgggggtagtgctacttacttgcgtctt 

CCAGGGGGGOTATGGGGGTAGTACTACTTACTTACGTCTT 

CCAGGGGGGGtATGGGGGTATACTACTTACTTACGTCTT 

CCAGGGGGGGfATGGGGGTAATACTACTTACTTACATCTT 

CCAGGGGGGGTAIGGGGGTAATACTACTTACTTACGTCTT 

CCAGGGGGGGT^TGGGGGTGGTGTTACTTACTTGCGTCTT 

CCAGGGGGGGTA(rGGGGGTGGTGCTTCTTACT7GCGTCTT 



CCAGGGGGGGTA' 

ccagggggggtatI 
ccagggggggtgt< 

CCAGGGGGGGTAT 



sggggtggtgtactttttcctgcgtcttc 
;ggggtggttcgtttttctttgcggctt 
bggggtggtgtactttttcttgtcttc 
Iggggtggtttggtatgttgcgtccgt 



SEQ ID 
NO. 
55 
56 
57 
58 
59 
60 
61 
62 



63 
64 
65 
66 



n 
w 
ni 

14 



r,rQUD c 
12(3 clones) 
1 
3 

10 
23 
34 



ccggggtgggtatgggggtaatactacttacttacgtctt 

CCGGGGGTGGGTAGdbGGGTAGTGCTACTTACTTACGTCTT 

ccagggtcggtgtgggggtagtactacttacttgcgtctt 

CCAGGGTGGGTATGGGGGTAGTGCTACTTACTTGCGTCTT 

ccggggtgggtatgg*ggtggtgctacttacttgcgtctt 

CCTGGGTGGGTATGGqGGTGGTGCTACTTACTTGCGTCTT 



67 
68 
69 
70 
71 
72 



Group D 

2 

6 

25 &38 

7 

9 

11 
17 
21 
24 

28 &30 

29 

31 

35 

36 

41 

44 &45 
50 



CCACGGGTGGGTGTGGGGTAGTGTGTCTCACTTTACATCAC 

CCCGGGGTGGGTGTGGGGTAGTGTATTATATTTACAGCCT 

CCAGGGTCGGTGTGGGiTGGTGTACTTTTTCCTGTCCTTC 

ccagggtcggtatgggAtagtgtactttttaatgatcttc 

CCCGGGGGAGAGCGGTdGGTAGTGTTCTATAGTATTCGTGT 

CCAGGGGGGGTATGTTOTTAATACTACTTACTTACGTCTT 

CCAGGGAGGGTATGGGGfcTGGTGTTTCTAGTTTTGCGGCGT 

CCAGGGTGGGCATGGGGtTGGTGTGGATTAATTCTTCGTCC 

CCAGGGTCGGTGTGGGGTGGTGTTTTTATTTACTCGTCGC 

ggggcggcttggaagagAttgccggttggagtattcgagc 
ccaggtgtggggtggtt4gggttttctttcgtcgcc 

CCAGGGTGGGTATGGGGOrTTAATTAATTCTTCGTCCCA 

GGGGCGGCTTGGAAGAGGpGCCGGTTGGAGTATTCGAGC 

CCCGGGGTGGGTGTGGGGTGGTGTGAATTAATTCTTCGTCC 

CCCGGGGTGGGTGTGGGGTCGTGTATTATATTTGCGGCCT 

CCAGGGTCGGTGTGGGTGOtTGTACTTTTTCCTGTCCTTC 

GGGGCGGCTTGGAAGAGGTTGCCGGTTGGAGTATTCGAGC 



73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 



Bold typeface indicates a discrepancy with the most cofrimon sequence of that group. 
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Table 7 

Starting DNA and PCR primers for the ssDNA SELEX experiment 



'•Sctgattagcgatacthon-iacttgagcaaaatcacctgcaggggo 



PCR Primer 3N2*: 

5'-BBBCCCCTGCAGGTGATTTTGCTCAAGT-3 



SEQ ID 
NO. 

90 



91 



•B=biotin phosphoramidiie (e. g.. Glen Research, Sterling, VA) 

"For rounds 10. 11. and 12. the tnincated PCR primer 5N2 (underlined) was used to amplify the 

template. 
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^ Unique Sequences of the ssDNA high affinit> ligands to PDGF 

V-ATCCGCCTGATTACqGATACT (40N) ACTTGAGCAAAATCACCTGCAGGGG-3' 

\ SEQID 

\ NO 

•14 AGGCTTGACAAAGfflGCACCATGGCTTAGTGGTCCTAGT 93 

'41 CAGGGCACTGCAAOCAATTGTGGTCCCAATGGGCTGAGT 94 

6 CCAGGCAGTCATGGTCATTGTTTACAGTCGTGGAGTAGGT 95 

23 aggtgatccctgcaayiggcaggataacgtcctgagcatc 96 

2 atgtgatccctgcagAgggagganacgtctgagcatc 97 

34 CACGTGATCCCATAAObGCTGCGCAAAATAGCAGAGCATC 98 

8 GGTGGACTAGAGGGCACCAAACGATCCTTGGTTAGCGTCC 99 

1 GGTGCGACGAGGCTTAqACAAACGTACACGTTTCCCCGC 100 

-!f 5 TGTCGGAGCAGGGGCGWiCGAAAACTTTACAGTTCCCCCG 101 

J'f '40 AGTGGAACAGGGCACGcUgAGTCAAACTTTGGTTTCCCCC 102 

fy 47 GTGGGTAGGGATCGGTGaATGCCTCGTCACTTCTAGTCCC 103 

18 GGGCGCCCTAAACAAAGqGTGGTCACTTCTAGTCCCAGGA 104 
^^ 30 TCCGGGCTCGGGATTCGtAgTCACTTTCAGTCCCGGATATA 105 
fll •20 ATGGGAGGGCGCGTTCTTaGTGGTTACTTTTAGTCCCG 106 
LiJ 35 ACGGGAGGGCACGTTCTTqpTGGTTACTTTTAGTCCCG 107 

. 13 GCTCGTAGGGGGCGATTCTTTCGCCGTTACTTCCAGTCCT 108 

s 16 GAGGCATGTTAACATGAGckTCGTCTCACGATCCTCAGCC 109 

n '36 CCACAGGCTACGGCACGTaAaGCATCACCATGATCCTGTG 110 

l-i 50 GCGGGCATGGCACATGAGCATCTCTGATCCCGCAATCCTC 111 

m 4 ACCGGGCTACTTCGTAGAGckTCTCTGATCCCGGTGCTCG 112 

I J 44 AAAGGGCGAACGTAGGTCGi^GGCATCCATTGGATCCCrrC 113 

pt 24 ACGGGCTCTGTCACTGTGGC/iCTAGCAATAGTCCCGTCGC 114 

r: 7 GGGCAGACCTTCTGGACGAGqATCACCTATGTGATCCCG 115 

*26 AGAGGGGAAGTAGGCTGCCTQACTCGAGAGAGTCCTCCCG 116 

19 AGGGGTGCGAAACACATAATCCTCGCGGATTCCCATCGCT 117 
48 GGGGGGGCAATGGCGGTACCTITGGTCCCCTAAATAC 118 
46 GCGGCTCAAAGTCCTGCTACCCGCAGCACATCTGTGGTC 119 
25 TTGGGCGTGAATGTCCACGGGTACCTCCGGTCCCAAAGAG 120 
31 TCCGCGCAAGTCCCTGGTAAAG(\gCAGCCCTAACTGGTC 121 
12 CAAGTTCCCCACAAGACTGGGGOTGTTCAAACCGCTAGTA 122 
15 CAAGTAGGGCGCGACACACGTCCGGGCACCTAAGGTCCCA 123 
•38 AAAGTCGTGCAGGGTCCCCTGGAAGCATCTCCGATCCCAG 124 

• Indicates a boundary experiment was performed 

Italics indicate the clones that were found to retainnigh affinity binding as minimal ligands. 
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Table 10 

Frequency of base pairs in the helical regions of the consensus motif 

shown in Figure 3 



Base pair^ 



r usiiion 


AT 




GC 


CG 


TG 


GT 


other 


i-i 


0 


0 


21 


0 


0 


0 


0 


1-2 


0 


0 


21 


0 


0 


0 


0 


1-3 


5 


0 


16 


0 


0 


0 


0 


1-4 


3 


5 


1 


4 


1 


0 


7 


1-5 


2 


3 


3 


4 


0 


0 


9 


II-l 


0 


1 


2 


17 


0 


0 


1 


II-2 


5 


5 


5 


1 


0 


4 


1 


II-3 


3 


4 


7 


6 


0 


0 


1 


II-4 


3 


0 


8 


5 


0 


0 


4 


III-l 


21 


0 


0 


0 


0 


0 


0 


III-2 


0 


10 


0 


11 


0 


0 


0 


III-3 


0 


7 


0 


13 


1 


0 


0 



^Helices are numbered with roman numerals as shown in Figure 3. Individual base 
pairs are numbered with arabic numerals starting with position 1 at the helix junction 
and increasing with increased distance from the junction. 

**We have included the TG and GT base pairs to the Watson-Crick base pairs for this 
analysis. There is a total of 21 sequences in the set. 
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Table 11 

Affinities of the minimal DNA Ugands to 
PDGF AA, PDGF AB and PDGF BB 



T-igand 

20t 
36t 
41t 



K„nM 



pnr.F AA ' EDGLAE" 



47 ±4 
72± 12 
49 ±8 



0.147 i 0.011 
0.094 i 0.011 
0.138 i 0.009 



pnOF BB" 

0.127 ±0.031 
0.093 ± 0.009 
0.129 ±0.011 



■Data points shown in Figure 5A were fitted to eq 1 (Exaniple 7). 

. ^- <n ,n,i were fitted to eq. 2. The dissociation constant (K^) 
^Data points in Figures 5B and 5C were imea ^4 

"sS. -^.e X^alucs for *e low» affnity in™ range b=nv«n 13 to 78 



nM. 
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Table 12 

Starting RNA and PGR primers for the 2'-nuoropynmidine 
RNA SELEX experiment 

SEQ ID 
NO 

Starling 2'-fluoropyrimidine RNA: 



Starting RNA: 

S'-GGGAGACAAGAAUAACGCUCAAI-SO N-] UUCGACAGGAGGCUCACAACAGGC-3' 
PCR Primer 1: 

5'-T.VkTACGACTCACTATAGGGAGACAAGAATAACGCTCAA-3' 
PCR Primer 2: 

5'-GCCTGTTGTGAGCCTCCTGTCGAA-3' 



PCTX'S96/08014 

WO 96/33579 



• 



. . ..^**^o\:^f hiah affinirv* Usands to PDGF AB. 
Sequences of the Z'-fluoropynnnd.ne I^N A h.gh . 



NO. 



8 
10 
1 
I 
I 
I 

18 



CCAACCUUCUGUCGGCGULGCUUU^ 

SSaucgguugugugccggaq^^^^^^^^^ 

CUGAGUAGGGGAGGAAGLmGAA^^^ 
CAGCACLa.^:CGCUUUliCAUCAUl^ 

UCAGUGCUGGCGUCAUGLCUCG^^^ 
UCUACUUUCCAUm,'CUCbWCU^^^^^^^ 
CGAUAGUGACUACGAUGACGAAGGCC^^^^^^^ 
0 GUCGAUACUGGCGACLUGCUCCAUUGGCCOA^^ 
GUGCAAACUUAACCCGGGAACCGCGC^^ 

5 AUUCCGCGUIJCCGAUUAAUC^^^^^^^^^^ 

6 CGAACGAGGAGGGAGUGGCAAGGGAUOO^^^^^ 

G?GAAACUGGCGACirUGCUCC^^^^^^^ 
, 8 CG AACG AGG AGGG AGUCGC AAGGG AUGGU^^^ 
,9 CGAGAAGUGACUACGAUGACC^AAGGCCO^ 

27 GGUGGCAUUUCUUCAUUWCCl^^^^^^^^ 

29 CCUGAGUAGGGGGGAAAGU^GAAl^^^^^ 5, 

30 GUCGAAACUGGCGACIWGCUCCAUU^^ 52 

41 GUGCAAACUUAACCCGGGAACCG^^^^^^^^^ 

4 CGAACGAGGAGGGAGUGGCAAGGGA^^^^ 

43 UCGGUGUGGCUCAGAAACUGACACGCGUO^^^^^ 

44 UAUCGCUUUUCAUCAAUUCCAC^ 



128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 



156 
157 
158 
159 
160 
161 



45 OUOCAAACUUAACCCGOOAACCGaiCU^^^ 6. 



; C«3roCArAUCCCOGGCUOA^"0A^^^^^ 
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Table 14 



Staning RNAs: 
40N7: 

5'GGGAGGACGAUGCGG[-40N-]CAGACGACUCGCCCGA 3' (SEQ ID NO: 1 86) 

SELEX PGR Primers: 

5G7: 

5 TAATACGACTCACTATA GGGAGGACGATGCGG 3' (SEQ ID NO: 1 87) 

T7 Promoter 

3G7: 

5TCGGGCGAGTCGTCTG 3' (SEQ ID NO: 1 88) 
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Clon; 

IN 

IS 

4N 

6N 

ION 

UN 

UN 

16N 

:2N 

24N 

25N 

2TN 

28N 

29N 

34N 

35N 

36N 

3TN 

42N 

43N 

47N 

48N 

54N 

55N 

57N 

59N 

60N 

65N 

69N 

71N 

72N 

random 



A'd in nM 
I 

0.51 

0.77 

a75 

0.71 

1. 10 

1.28 

0.44 

1.40 

5.70 

1.16 

0.87 

ND 

2.54 

0.43 

0,80 

2.32 

8.27 

ND 

0.78 

0.79 

1.76 

1.34 

5.35 

1.25 

35-8 

22.0 

7.38 

26.56 

15.20 

3-52 

7.67 

30 



Tabic 17 
A' , values hKGF ligands 
Ki in nM 



Clone 1 

2F l"?? 
3F 

5F 2-53 

6F 0.05 (37) 

7F 3.69 

8F 2.63 

9F 0.83 

lOF 0.47 

I IF 3.74 

12F 1.38 

13F 0.03 (28) 

14F 0.006-0.03 (25-44) 

I5F 0.07(33) 

16F 0.83 (49) 

19F 1.6 

20F 2.05 

21F ND 

22F 2.75 

23F 2.52 

24F 2.02 

26F 0.23 (43) 

27F 1.52 

28F ND 

29F 3.24 

31F 1.0 

35F 11 

37F 0.46 

38F 0.33 

41F 1.44 

42F 0.9 

43F 1.13 

44F 1.32 

45F 4.7 

49F 10 

50F 0.12(21) 

51F 1-27 

53F 0.70 

54F 1.23 

55F 2.52 

56F 0.07(32) 

57F 1-20 

58F 2.52 

60F 2.10 
random 30 



3-25 



3.39 

0.94-2.57 

8.70 

44.8 



2.55 



2.10 



3.00 



"For biphasic cun'cs, Xdl is for the high altnuiy cuuiponc.u. 
Number in parentheses indicate the per cent of the high affmity component. 
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Tabic 18 

Binding Specificity of the 2'-F Ligand K14F 





Ratio: 


Target 


/ToTarget/KDhKGF 


human hKGF 


1 


rat hKGF 


1,254 


human aFGF 


38,650 


human bFGF 


1,071 


human PDGF 


432 



The ratios shown are averages of at least two determinations 



Table 19 



ICjo values from the PC-3 assay 


Competitor 


IC50, nM 


hKGF 


70 


Heparin, 5,000 


30 


40N7F 


>1000 


K6F 


4 


K13F 


30 


K14F 


10 


K15F 


20 


K56F 


1 


KIOF 


30 


K37F 


20 


K38F 


0.6 


K43F 


80 


40N7N 


>1000 


KIN 


50 


K2N 


200 


K4N 


70 


K6N 


80 


K14N 


6 


K29N 


40 


K42N 


800 


K43N 


800 
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Cell line 



PC-3 



11 

fn 

t 

m 

fit 
Ul 

rii 

I ., 
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Tabic 20 



NIH3T3/FGFR-2 



Ki values of hKGF competitors on the PCS 
and NIH3T3/FGFR-2 competition assay 



rnmpetitor 



Ki. nM 



hKGF 

2'F random 

2'NH: random 

HepSboO 

K14F 

K6F 

K38F 

K56F 

K14N 

hKGF 

2'F random 

2'NH: random 

HepSboO 

K14F 

K6F 

K38F 

K56F 

K14N 



7.700 
930.000 
673.000 
6.500 
0.200 
0.160 
0.220 
0.160 
1.400 

0.034 

> 10,000.000 

> 10,000.000 

26.300 
2.700 
6.800 
20.000 
27.400 
10.600 



0.95519 
0.99713 
0.85357 
0.99984 
0.97735 
0.95927 
0.99013 
0.95927 
0.94698 

0.9933 



0.97856 partial comp. 

0.99047 

0.96202 

0.98659 

0.97582 

0.97856 partial comp. 



Table 21 

IC50 values obtained with the gel shift assay 
rnmpetitor IC5Q. nM — 



KGF 

bPGF 

Lysozyme 



70 
1,500 
10,000 
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Protein 



hKGF 

rKGF 

hbFGF 

haFGF 

hPDGF-AB 

hTGFpl 

hEGF 

Thrombin 



lo: 

Table 22 

Binding Specificity of Ligand K14F3'T 



random RNA 



K14F3'T 



A'J.nM 



A',2, nM 



0.0375 



20.1 
45.3 
10.3 
16,000,000 
22.0 
10.4 
2,000 
7,200,000 



0.0008 
0.0041 



'DF 



10.2 


1 


70.0 


5 


10.0 


1.2x10' 


24,000,000 


3x10'" 


50.0 


6.2x10' 


98.0 


1.2x10' 


256 


3.2x10' 


22,700,000 


2.8x10'"' 



•Hi-'h affmitv dissociation constant from biphasic binding curves. 
"Lo^v affmit; dissociation constant from biphasic binding curves or affinity dissociation 
constant from monophasic binding curves. r , .c-x 

'Discrimination factor defined as the ratio of the highest affinity A, of 14F. T for the 
corresponding protein over the affinity Aj for hKGF. 
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v5 
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rn -r o 33 o o r j 'T LT! o > CO c^ o r-i CN rn 'J*; 
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JSQUSNCE LISTING 



(1> 




GENEP^ GOLD; NE30JSA JANJIC; STEVsi' RINGQUIS.. 

NIKOS i°piNlTY OLIGONUCLEOTIDE 

-ITL' OF THE INVENTION: HIGH ^^^^ 



(ii) 



(iiDN-JSiS 
(iv) 



(C) 
(D) 
(E) 
(F) 

(v) 



(vi) 



ilTY: 



HIGH AfrlMJ-i-' vjjjj.'jv^' 

LIGANDS TO TRANSFORMING GROWTH 

Factor S (tgfp) , platelet-derived 

;;OWTH factor (PDGF) AKD HUMAN 
SrSiNOCYTE growth factor (hKGD 

TR Or SEQU3NCES: 3 04 
C0\isPONDENCE ADDRESS: ^.L-C. 

•y : Englewood 
i.TE : Colorado 
COl)hrrRV : USA 
Zip7\ 80111 
COMPUTER R£)^A3LE FO?-.: 
(A) MEDIUM Diskette 3^5 

13) COMPUTErX I3M compatible 
C OPERATING \ySTEM: MS-DOS 
(D) SOFTWARE: WdPerfect 6.1 
CURRENT APPLICATXto DATA: 

(A) APPLICATION NWBER: 

(B) FILING DATE: 



inch, 1.44 Mb storage 



US96/ 



08/458,423 
2-1995 

V08/458,424 



(C) CLASSIFICATION 
(vii) PRIOR APPLICATION : , 

(A) APPLICATION NUMBE 

(B) FILING DATE: 02- 
(Vii) PRIOR APPLICATION DATA: 

I A) APPLICATION NUMBER: 
(B) FILING DATE: 02-JUNe\i995 
(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08^165,594 

(B) FILING DATE: 05-0UNE-1^95 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/4^,591 

(B) FILING DATE: 05-JUNE-1995 
/ •,M ©PTOR APPLICATION DATA: 

(If APPLICATION NUMBER: 08/479,^5 
(B) FILING DATE: 07-JUNE-1995 

-^^r™srN^s; 03/479.83 

(B) FILING DATE: 07-JUNE-1995 
(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/618.693 

(B) FILING DATE: 20-MARCH-1996 

(viii) ATTORNEY/AGENT INFOPMATION: 

^ (A) NAME: Barry J. Swanson 

(B) REGISTRATION NUMBER: 33,215 

(C) REFERENCE/DOCKET NUMBER: 
(i^, TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (303) 793-3333 
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(5, TELEFA:'.: (303) 753 - 3433 
/-^ t>;fOPJ-IAT:ON for sequence id NC: 1: 
^' (1) SEQUENCE CKAPACTERIZATION: 

(A) LENGTH: 117 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(i^) MOLECULAR TYPE: RNA 

S^sSS 11° 

CCCjUoAGUG AGGGUUA 

rj (2) TNrORMATION FOR SEQUENCE ID NO: 2: 

" (i) SEQUENCE CHARACTERIZATION: 
LENGTH: 93 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
1 (ii) MOLECULAR TYPE: RNA 

Li) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
rc-'-AG^C GCGGAUCCNN NNNNNNNNNN NNNNNOT^ NNNNNNNNNN 50 
GCUUCGCUCU AGAUCUCCO; UUAGUGAGGG UUA 

I J (2) INFORMATION FOR SEQUENCE ID NO: 3: 

fij (i) SEQUENCE CHARACTERIZATION: 

^4 (A) LENGTH: 123 base pairs 

f=l (g) TYPE: nucleic acid 

^ (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(x^) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
gg'-ggagIJc GCGG^CCUG UCUCCACCGC CGAUACUGGG guuccugggg 50 
ScUCC^G GAGGAGGGGG GAGGGGGUGG UUCGGAGAAA GCUUCGCUCU 

GAAUCUCCCU UUAGUGAGGG UUA 

(2) INFORMATION FOR SEQUENCE ID NO: 4: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 95 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GGGAGAAcSc GGATCCNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 
NNNNNNNNNN NNNNNNNNNN AAGCTTCGCT CTAGA 

(21 INFORMATION FOR SEQUENCE ID NO: 5: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 



100 
123 



50 
95 




— — n-qC'^'-'"^CM- SEQ ID NO: 5: 

rrN>nn,-:;A.^GC ttcgctctag a 

i2) Tv:.oRMATION FOR SEQUENCE ID NO: 6: 
^ SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 9 5 base pairs 

(B) TYPE: nucleic acid 

(C) STPAITDEDNESS : single 

(D) TOPOLOGY: linear 

fcf™ SSggggS TGGTTCGGAG AAAGCTTCGC TCTAG 

^2) INFORMATION FOR SEQUENCE 1° NO = 

(^) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 3 5 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(iil MOLECULAR TYPE: DNA 

(Xi) SEQUSKCE DESCRIPTION: SEQ ID NO: 7: 
TAA7ACGACT CACTATAGGG GGAGTCTGCG GATCC 

(2) INFORMATION FOR SEQUENCE ID NO: 8: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 3 5 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TAATACGACT CACTATAGGG GGAGAACGCG GATCC 

(2) INFORMATION FOR SEQUENCE ID NO: 9: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 3 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

Ui) SEQUENCE DESCRIPTION: SEQ ID KG: 9: 
TAACCCTCAC TAAAGGGAGA TCTAGAGCGA AGCTT 

(2) INFORMATION FOR SEQUENCE 1° NO ' ^° ' 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 50 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
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ACACTATA3A ATATGCATCA CTAGTAAGCT TTGCTGTAGA 5 0 



(2; INFORT-IATION FOR SEQUENCE 10 NO : II: 

(i) SEQUENCE CHAP-ACTERIZATIOK: 
(A) LENGTH: 3 3 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GGATCCCGGA GCTCCCTATA GTGAGTCGTA TTA 3 3 

(2; INFORMATION FOR SEQUENCE ID NO: 12: 
r:| ' (i) SEQUENCE CHARACTERIZATION: 

Q (A) LENGTH: 12 5 base pairs 

[S (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
fr| (D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
[J (ix) FEATURE: 

r\ (D) OTHER INFORMATION: All pyrimidines are 2 ' Fluoro {2'-F) 

modified 

\, (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

pJ GGGGGAGAAC GCGGAUCCGA GCAAUCCCAG GCGCAUAGCU UCCGAGUAGA 50 

!=J CAGGAGGGAG GGGUGGAUGU GGCGUCUACU CGGUGUCGUG AAGCUUCGCU 100 

CUAGAUCUCC CUUUAGUGAG GGUUA 



(2) INFORMATION FOR SEQUENCE ID NO: 13: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 125 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2 'Fluoro (2'-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GGGGGAGAAC GCGGAUCCGA GCAACCCCAG GCGCAUAGCU UCCGAGUAGA 50 
CAGGAGGGAG GGGUGGAUGU GGCGUCUACU CGGUGUCGUG AAGCUUCGCU 100 
CUAGAUCUCC CUUUAGUGAG GGUUA. ^^5 

(2) INFORMATION FOR SEQUENCE ID NO: 14: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 125 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2 ' Fluoro (2'-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GGGGGAGAAC GCGGAUCCGA GCAACCCCAG GCGCAUAGCU UCCGAGUAGA 50 
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C?>GG^GGo«'^ ^ -TTT-r'-GAG GGUU^ 
CUAGAUCUCC CuJUhG.G^G 

SEQUENC- CH. g 
^PE -nucie.c acid 

TOPOLCGV: l^ear 



50 
100 
116 



50 
100 
123 



OTHER INFOK.---' ' ^.edified 
(^i) SEQUENCE DESCRIPTION: - ^CGAGUAGAC 

CCUWJAGUGA GGGUUA 

B TYPE: nucleic acid 
C STRANDEDNESS: s.ngle 
(D) TOPOLOGY: linear 

(ii) MOLECUIAR T^^^i,,!!ioN- SEQ ID NO: 16: 
(Xi) SEQUENCE DESCRIPTION _ cGAGUAGACA 

;,GAUCUCCCU UUAGUGAGGG UUA 

INFORMATION FOJ S-^NC^^^^^^^ 

f^rSoTH: 1.7 base pairs 
t TYPE- nucleic acid 
S SpiNBECNESS: single 
TOPOLOGY: linear 
tii) MOLECULAR TYPE: RKA ^^.^^^ 

^.n?HER XNEORMATXO.: ^^^^^^^^^^^^^^^ 
(^i) SEQUENCE DESCRIPTION: J^^Q^°^^°;^^^^^ 

CCCUUUAGUG AGGGUUA 

(H^ LENGTH. 

3 TYPE: nucleic acid 

C STRANDEDNESS: single 
TOPOLOGY: linear 
(U) MOLECULAR TYPE: RNA 
(ix) FEATURE: 



50 
100 
117 
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(D) OTKE?. INFOPJ-IATXON: All ?yri:aidines are 2'-a-ir.= (2'Nr:,) 

modified 

(Ki) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
G-G-AGAAC GCGGAUCCGA GCAAGCCCUG GCAUAGCUUC CGAGUAGACA 50 
gSgGA^G GUGGAUGUGG CGUCUACUCG GUGUCGUGAA GCUUCGCUCU 100 

;;gaucucccu uuagugaggg uua 

(2) INFORMATION FOR SEQUHNCE ID NO: 19: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

(D^^TOER INFORMATION: All pyrimidines are 2 --amino (2-NH.) 



50 
100 



modified 

j: (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

GGGGGAGAAC GCGGAUCCGG CAAUCCCAGG CGCAUAGCUU CCGAGUAGAC 
AGGAGGGAGG GGUGGAUGUG GUGUACGAGG AAGCUUCGCU CUAGAUCUCC 

fl CUUUAGUGAG GGUUA 

(2) INFORMATION FOR SEQUENCE ID NO: 20: 
□ (i) SEQUENCE CHJ^RACTERIZATION: 

Li| (A) LENGTH: 116 base pairs 

fij (B) TYPE: nucleic acid 

ij (C) STRANDEDNESS: single 

[=1 (D) TOPOLOGY: linear 

il (ii) MOLECULAR TYPE: RNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
GGGGGAGAAC GCGGAUCCGA GCAAUCCCAG GCGCAUAGCU UCCGAGUAGA 
CAGGAGGGAG GGGUGGAUGU GGUGUCUCGA GAAGCUUCGC UCUAGAUCUC 
CCUUUAGUGA GGGUUA 



50 
100 
116 



(2) INFORMATION FOR SEQUENCE ID NO: 21: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 98 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

(ix) ^^^^^^ INFORMATION: All pyrimidines are 2 ' Fluoro (2'-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
GGGGGAGAAC GCGGAUCCAA GCUUCGAGUA GACAGGAGGG AGGGGUGGAU SO 
GUGGAGUCUC GAGAAGCUUC GCUCUAGAUC UCCCUUUAGU GAGGGUUA 98 

(2) INFORMATION FOR SEQUENCE ID NO: 22: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 113 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 
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MOLECULA?- TYPE: PJ^IA 
FEATURE : 
(D) 



OTHER INFORMATION: Ail pyrimidines are 2 • Flucro (2' 

modified 

SEQUENCE DESCRIPTION: SEQ ID NO^^ 



^r-.^r'^rrrGAUCCck GCaIuCCUAA GCAUAGCUUC GAGUAGACAG 
fA— G u"cGC GUCUCGAGAA GCUUCGCUCU AGAUCUCCCU 



50 
100 
113 

UUAGUGAGGG UUA 

(-1 IN-ORMATION FOR SEQUENCE ID NO: 23: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 116 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

(dH^KER information: All U's are 2.-F uracil 

(of^THER INFORMATION: All C'S are 2-NH, cytosins 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
r.^.^\Tn nrrr^VCCGA GCAAUCCCGG GCGCAUAGCU UCCGAGGAGA 50 

?r~= ~Sru ™«A =«.co.cGc .cu«»a,c 10. 

CCUUUAGUGA GGGUUA 

(2) INFORMATION FOR SEQUENCE ID NO: 24: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 116 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^'""^ ^D^^raER INFORMATION: All U's are 2-F uracil 

'"""^ ^D^™ShER INFORMATION: All C>s are 2'NH. cytosine 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
GGGGGAGAAC GCGGAUCCGA GCAAUCCCAG GCGCAUAGCU UCCGAGUAGA 50 
CaSggSg GGGUGGAUGU GGCGUCUCGA GAAGCUUCGC UCUAGAUCUC 
CCUUUAGUGA GGGUUA 

(2) INFORMATION FOR SEQUENCE ID NO: 25: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

(dHtoER INFORMATION: All pyrimidines are 2 • Flucro (2 

modified 

(xi) SEQUENCE DESCRIPTION: _ SEQ JIDNO^ 25: 



GCUUCCGAGU AGACAGGAGG GAGGGGUGGA UGUGGCGUCU AC 
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ii: 

-^-roR.vATIO^I FOR SEQUHMCE ID NO: 25: 
' 'V. SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
CUUCC3AGUA GACAGGAGGG AGGGGUGGAU GUGGCGUCUA CUC 

(2) -^FORMATION FOR SEQUENCE ID NO: 27: 
" (i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 78 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(dHtKER XNF0P..1ATI0N: All pyri.idines are 2.-a.ino (2.NH.) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
GGGGGAgIaC GCGGAUCCGG CAACCCCAGG CGCAUAGCUU CCGAGUAGAC SO 
AGGCGGGAGG GGUGGAUGUG GCGUCACG 

(2) INFORMATION FOR SEQUENCE ID NO : 28: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 117 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

'dH^HER information: All pyrimidines are 2- -amino (2.NH,) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
GGGGGAGAAC GCGGAUCCUG AGAAGGACGU CGGGGUCAAC GGGGUGAGGU 50 
cSfc^G^ GGGCCGGCAC CACAUGACGU AAAAGCUUCG CUCUAGAUCU 100 

CCCUUUAGUG AGGGUUA 

(2) INFORMATION FOR SEQUENCE ID NO: 29: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 108 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : linear 

(ii) MOLECULAR TYPE: RNA 

(dHtHER information: All pyrimidines are 2.Fluoro (2-F) 

' modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
rCGGGAGAAC GCGGAUCCUG AGAAGGACGU CGGGGUGAGG UGCAGCAGAA 50 
AGGGCCG^A CCrCAUGACG UAAAAGCUUC GCUCUAGAUC UCCCUUUAGU 

GAGGGUUA 
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._-..^T^OM -0?- SEQUENCE ID NO: 3C : 

(I? LENGTH: 92 base paxrs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii, MOLECULAR TYPE: RNA 

f^rO^TKER X..OP>.TXO.: ------ ' 



5C 



=s =— — - 

^ (A) LENGTH; 69 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RKA 

- — - ---- 

GCAGAAAGGG CCGGCACCA 

..Mr.T«. 117 base pair: 



50 
69 



ir4(^£. unx^-" 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

=° — " " ° 

CCCUUUAGUG AGGGUUA 

33: 



^ (A) LENGTH: 83 base pal- 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 



!?^™oU :».o««T.o», ^X^^^vrf 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 33: 
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G333GAGAAC GCGGAUCCUG CUAGACCGAG G^.uGCJ^J-J.OG GACAUGCAUU 50 
AGGGAAACCU AUGUAUAAGA ACGCGGUCGC AGA 8 3 

C; INFORMATION FOR SEQUENCE ID NO: 34: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 116 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE : 

(D) OTHER INFORMATION: All pyrimidines are 2 ' Fluoro (2'-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 
GGGGGAGAAC GCGGAUCCUG CUAGACCGAG GAUGCAAAGG GACAUGCAUU 50 
AGGGAAACCU AUUAUAAGAA CGCGGUCGCA GAAGCUUCGC UCUAGAUCUC 100 
CCUUUAGUGA GGGUUA 13.^ 

(2) INFORMATION FOR SEQUENCE ID NO: 35: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 117 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All C's are 2'-F uracil 
(ix) FEATURE: 

(D) OTHER INFORMATION: All U's are 2*NH2 cytosine 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

GGGGGAGAAC GCGGAUCCUG UCUCCACCGC CGAUACUGGG GUUCCUGGGG 50 

CCCCUCCAUG CAGGAGGGGG GUGGUUCGGA GAAAGCUUCG CUCUAGAUCU 100 

CCCUUUAGUG AGGGUUA 117 



(2) INFORMATION FOR SEQUENCE ID NO: 36: 

(i) SEQUENCE CHARACTERIZATION; 

(A) LENGTH: 81 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All C's are 2'-F uracil 
(ix) FEATURE: 

(D) OTHER INFORMATION: All U's are 2*NHj cytosine 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 
GGGGGAGAAC GCGGAUCCUG UCUCCACCGC CGAUACUGGG GUUCCUGGGG 50 
CCCCUCCAUG CAGGAGGGGG GUGGUUCGGA G 81 

(2) INFORMATION FOR SEQUENCE ID NO : 37: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 117 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
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(D) TOf'-'i-'^'J - • 

(li) MOLECULAR TYPE; P-^" 

(ix) FEATURE: , . are 2'-? uracil 

(D) OTHER INF0R:--ATI0N: All . . are 2 r . 

Tm'^o'THER INFORMATION: All ^"^^ ^^'''^^^^^ 

SEQUENCE --f/^^r^rUSu^C^GGGG 
GGGGGAGAAC GCGGAUCCUG UCUCC..;GC CGAUACL .^^UAGAUCU 
CCGCUCCAUG CAGGAGGGGG GUGGUL.Gv.^ GAAAGCU 
CCCUUUAGUG AGGGUUA 

p., INFORMATION FOR SEQUENCE_ID N0= 38 : 
SEQUENCE CHARACii.-.IZATION. 
. ' (A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(ix) FEATURE: 2'-F uracil 

(D) OTHER INFOPJ-'ATION: All C S are ^ 

(ix) FEATURE: 2'NH, cvcosine 

(D) OTHER INFOPJ-IATION: All J s are 2 NH, . 

Ui) SEQUENCE °^^^^^f,Jf,= /^ScJgGG GuJcCUGGGG 
-'--Z CaS SgSa SSrcfcU CUAGAUCUCC XOO 
CUUUAGUGAG GGUUA 

(2) INFORMATION FOR SEQUENCE ID NO: 39: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 92 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

w™™eR INTO^^TIOH: All pyrin,idi»es are ^^nucro 

^ ' modified 

(A) LENGTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

!^Tthe. I.ro,mT10»: Ml pvri«idin„ are .■Flucro .2-^. 

^ ' modified 
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A3UGAGGGUU A 

(-) INFORMATION FOR SEQUENCE ID NO : 41: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 117 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 
r-GGAGAAC GCGGAUCCGG UCACCCGGGC AUAUAACAAU GCCGACACUG 50 
gJSaSS^G GACGGGUGGG ACUGGACGGA AGAAGCUUCG CUCUAGAUCU 100 
CCCUUUAGUG AGGGUUA 



(2) INFORMATION FOR SEQUENCE ID NO: 42: 

(i) SEQUENCE CHJJIACTERIZATION: 

(A) LENGTH: 119 base pairs 

(B) TYPE: nucleic acid 

(C) STPJSlNDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RKA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 
GGGGGAGAAC GCGGAUCCAU AACCGGCUGC AUGGGAGGGA CAUCOTG^^^ 50 
AAGGACGGGU CGAGAUGACC UGAGCAGUUC CGGCAAGCUU CGCUCUAGAU 100 
CUCCCUUUAG UGAGGGUUA 



(2) INFORMATION FOR SEQUENCE ID NO: 43: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 
TCGGGCGAGT CGTCTGNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 50 
NNNNNNCCGC ATCGTCCTCC C 

(2) INFORMATION FOR SEQUENCE ID NO: 44: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 
TAATACGACT CACTATAGGG AGGACGATGC GG 

(2) INFORMATION FOR SEQUENCE ID NO: 45: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 
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{-!) sz^'J^y^cz dh:3C?-:?t:c::: seq id k 

:-3CGAGT CGTCTG 



INFORMATION FOR SEQUENCE ID NO: 46: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRA^IDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 
:^AGGACGA TGCGGNNNNN NK^TNNNNNNN ri^^INNNNNNN NTINNUT 

n::;cAGAC gactcgcccg a 



; INFORMATION FOR SEQUENCE ID NO: 47: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STPJVNDEDNESS : single 
{ D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
GGGAGGACGA TGCGG 



(2) 



INFORMATION FOR SEQUENCE ID NO: 48 



(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: N at positll.. - 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
NNNTCGGGCG AGTCGTCTG 

(2) INFORMATION FOR SEQUENCE ID NO: 49: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 87 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 

GCCTGTTGTG AGCCTCCTGT CGAANNNNNN NNNNNNNNNN NNlw- 
NNNNNNNNNN NNNNTTGAGC GTTTATTCTT GTCTCCC 

(2) INFORMATION FOR SEQUENCE ID NO: 50: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULAR TYPE: DNA 
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(xi) SHQUENCE DE3C?-I?TI0N : SEQ ID V.Z : 

:gact cactataggg agacaagaat aaacgctcaa 



(2i IMrORMATION FOR SEQUENCE ID NO: 51: 
fi) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 
GCCTGTTGTG AGCCTCCTGT CGAA 24 

(2) INFORMATION FOR SEQUENCE ID NO: 52: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 87 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 
GGGAGACAAG AATAAACGCT CAANNNNNNN NNNNNNNNNN NNNNNNNNNN 50 
NI'^-NNNNNNNN NNNTTCGACA GGAGGCTCAC AACAGGC 87 

(2) INFORMATION FOR SEQUENCE ID NO: 53: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 
GGGAGACAAG AATAAACGCT CAA 23 

(2) INFORMATION FOR SEQUENCE ID NO: 54: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: N at positions 1-3 is biotin 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 
NNNGCCTGTT GTGAGCCTCC TGTCGAA 27 

(2) INFORMATION FOR SEQUENCE ID NO: 55: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 



wo 9G/385"9 



PCT/US96/08014 



119 

50 
71 



50 
71 



50 
71 



,,.o=cc..= """"" 

!~C--^3'-^ GACTCGCCCG A 

"si £su" 

Id) TOPOLOGY: Unear 

Mi) MOLEOJI^ "^"^^^UtTON- SEQ id NO; 56: 

SEQUENCE -^Jf4f,!^/;oGG JTGCT ACTTACTTGC 
ra----'^CGA TGCGGCCAGG GG..-GTA.G 
StTcZgaC GACTCGCCCG A 

^vT trni? S'^QUENCE ID NO: 57: 
(2) c^SrACTEHIZATION: 
f^r^NGTH: 71 base pairs 
B TYPE: nucleic acxd 
^.^ ItRANDEDNESS: sxngle 
TOPOLOGY: linear 
(ii) MOLECUU^ -''^"^n^^T^N. SEQ ID NO: 57: 

LENGTH: 70 base pairs 
B TYPE: nucleic acid 
C STRANDSDNESS: Single 
TOPOLOGY: linear 
(U) MOLECULAR pfioN: SEQ ID NO: 58: 

tgcgSgg gggggtSgg gggtatacta cttacttacg 

GGGA3GACGA TGCGGCCAGG 
TCTTCAGACG ACTCGCCCGA 

["y. TYPE: nucleic acid 
C STRANDEDNESS: Single 
TOPOLOGY: linear 
(iil MOLECULAR TYPE: DNA 53. 

Sequence -/-"^^.^GGGf^^^^^ -cttacttac 

GGGAGGACGA TGCGGCCAGG, GGGGGTAT 
ATCTTCAGAC GACTCGCCCG A 

o TYPE- nucleic acid 
C STRANDEDNESS: single 

«^r. linear 



TOPOLOGY: linear 
DKA 



(ii) MOLEOJIJ^ TYPE 
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S^QUZN-E DESCP.IPTIOM: SEQIDNO:60: 
C.«;' TOCCOCC.aO 00^^.C. ACTT.CTTAC 

GTCTTCAGAC GACTCGCCCG A 

(•,) INFORMATION FOR SEQUENCE ID NO: 61: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) T/PE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 

oggaggacSa tgcggccagc cggggtatgg gggtggtgtt acttacttgc 

GTCTTCAGAC GACTCGCCCG A 

(2) INFORMATION FOR SEQUENCE ID NO: 62: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 
GGGAGGACGA TGCGGCCAGG GGGGGTATGG GGGTGGTGCT TCTTACTTGC 50 

GTCTTCAGAC GACTCGCCCG A 

(2) INFORMATION FOR SEQUENCE ID NO: 63; 
Ci) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 73 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: DNA 

fxi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: 
=C=.GOA^A TgScCAOC ===T«OT=TA CTTmCCIG =0 

CGTCTTCCAG ACGACTCGCC CGA 

(2) INFORMATION FOR SEQUENCE ID NO: 64: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOIiOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6*; 
GGGAGGACGA TGCGGCCAGG GGGGGTATGG GGGTGGTTCG TTTTTCTTTG 

CGGCTTCAGA CGACTCGCCC GA 

(2) INFORMATION FOR SEQUENCE ID NO: 65: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRAOTEDNESS : single 

(D) TOPOLOGY: linear 
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r ; ; ) MOLECtlLAP- TYPE : J^^^^^ . crQ ID NO : 6 5 : 
fc?~«5.<: G.CTCOCCCG A 

- 66; 



LENGTH: _t,ase jairs 



50 
71 



TYPE: nucleic acid 
C) STRANDEDNESS: Single 
,D) TOPOLOGY: linear 

(ii) MOLECUI^ ^^=?RTP?I0N: SEQ ID NO: 66: 
(Xi) SEQUENCE f^^^^^^f^ GGGTGGTTTG GTATGTTGCG 

GGGAGGACGA TGCGGCCAGG GGGGGTAT 

TCCGTCAGAC GACTCGCCCG A 

(A) LENGTH: 71 base p 

\ TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR 'r^^^;„!joN. sEQ ID NO: 67: 

GTCTTCAGAC GACTCGCCCG A 

(A) LENGTH: 72 Case 

B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR -^J^^^^^^^. sEQ ID NO; 68: 

„i5L'.= i= — ~ " 

CGTCTTCAGAC GACTCGCCC GA 

(A) LENGTH: 71 case y 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR ""J^l^.f^^. gEQ ID NO: 69: 

GTCTTCAGAC GACTCGCCCG A 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: DMA 

(Xi) SEQUENCE DESCRIPTION:. SEQ ID NO: 70: 
GGGAGGACGA TGCGGCCAGG GTGGGTATGG GGGTAGTGCT ACTTACTTGC SO 
GTCTTCAGAC GACTCGCCCG A 71 

(2) INFORMATION FOR SEQUENCE ID NO: 71: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71: 
GGGAGGACGA TGCGGCCGGG GTGGGTATGG GGGTGGTGCT ACTTACTTGC 50 
GTCTTCAGAC GACTCGCCCG A 71 

(2) INFORMATION FOR SEQUENCE ID NO: 72: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 72: 
GGGAGGACGA TGCGGCCTGG GTGGGTATGG GGGTGGTGCT ACTTACTTGC 50 
GTCTTCAGACG ACTCGCCCG A 71 

(2) INFORMATION FOR SEQUENCE ID NO: 73: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 73: 
GGGAGGACGA TGCGGCCACG GGTGGGTGTG GGGTAGTGTG TCTCACTTTA 50 
CATCACCAGA CGACTCGCCC GA 72 

(2) INFORMATION FOR SEQUENCE ID NO: 74: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 74: 
GGGAGGACGA TGCGGCCCGG GGTGGGTGTG GGGTAGTGTA TTATATTTAC 50 
AGCCTCAGAC GACTCGCCCG A 71 

(2) INFORMATION FOR SEQUENCE ID NO: 75: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 
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STP^^-EC:3SS: single 
(D, TOPOLOGY: linear 
DNA 



3,..-..-'./cSS 

CCTTCCAGAC GACTCGCCCG A 



50 
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(2) 



«^r, c-n:TFK^E ID NO: 76: 

'"^ Cm length: 71 base pairs 
3^ TYPE: nucleic acid 

STRANDEDNESS: single 
(D) TOPOLOGY: linear 



50 
71 



TCTTCCAGAC GACTCGCCCG A 

a? LENGTH: 72 base pairs 

(3) TYOE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA ^,0^,7: 

TCGTGTCAGA CGACTCGCCC GA 



LENGTH: ^-^l^.^" 



(3) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 
(ii) MOLECUIAR TYPE: DNA 

SEQUENCE ACTTACTTAC 

T.PKGTH: 72 base pairs 
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,i>iV-C' N-*- . 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 
ir) STRANDEDNESS: single 



CGGCGTCAGA CGACTCGCCC GA 

(A) LENGTH: 72 base pairs 
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TYPE: r.ucleic acid 

(C) STRANDED^rESo : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAH r/PE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 80: 
GGGAGGACGA TGCGGCCAGG GTGGGCATGG GGGTGGTGTG GATTAATTCT 50 
TCGTCCCAGA CGACTCGCCC GA 

{21 INFORMATION FOR SEQUENCE ID NO: 81: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 81: 
GGGAGGACGA TGCGGCCAGG GTCGGTGTGG GGTGGTGTTT TTATTTACTC 50 
GTCGCCAGAC GACTCGCCCG A "^^ 

(2: INFORMATION FOR SEQUENCE ID NO: 82: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 82: 
GGGAGGACGA TGCGGGGGGC GGCTTGGAAG AGGTTGCCGG TTGGAGTATT 50 
CGAGCCAGAC GACTCGCCCG A "'^ 

(2) INFORMATION FOR SEQUENCE ID NO: 83: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 6 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 83: 
GGGAGGACGA TGCGGCCAGG TGTGGGGTGG TTTGGGTTTT CTTTCGTCGC 50 
CCAGACGACT CGCCCGA 

(2) INFORMATION FOR SEQUENCE ID NO: 84: 
(i> SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 
(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 84: 
GGGAGGACGA TGCGGCCAGG GTGGGTATGG GGGTTTAATT AATTCTTCGT 50 
CCCACAGACG ACTCGCCCGA 



(2) INFORMATION FOR SEQUENCE ID NO: 85: 
(i) SEQUENCE CHARACTERIZATION: 
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1 base pairs 

ijt.** w 

(B) 



^vpE: nucleic acid 



(D) TOPOLOGY: linear 
Mi> MOLECUIAH Tif-. jjQ. 85: 



TYPE: , 

,C) sTPJ^roEDlIESS: Single 

(D) TOPOLOC 
MOLECITLAH 1 
SEQUENCE 
GGGAGGACGA TGCGGGGGGC GC 

?g;.gccagac gactcgcccg a 

a TYPE: nucleic acid 
C STRANDEDNESS: single 
(D) TOPOLOGY: U^ear 
(ii) MOLECULAR TYPE: DNA oNO:86: 

□ B TYPE: r^ucleicacid 

id C STRANDEDNESS: single 

ni TOPOLOGY: linear 

MOLECULAR TYPE: DNA ceQ1DNO:87: 

GGCCTCAGAC GACTCGCCCG A 

- — E^SfS— 
LENGTH: 70 base pairs 

T^PE: nucleic acid 



50 
72 
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SNUt. l-nr-^-^ . 

(A) LENGTH: 70 base pairs 
B TYPE: nucleic acid 
r STRANDEDNESS: single 



(D) TOPOLOGY: linear 

CTTCCAGACG ACTCGCCCGA 

'irtENGTH: 71 base pairs 
B TYPE: nucleic acid 
C STRANDEDNESS: Single 
TOPOLOGY: linear 

CGAGCCAGAC GACTCGCCCG A 
(2) INFORMATION FOR SEQ ID NO: 90: 



wo 96/38579 




PCT/US96/08014 



26 



(1/ SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: DMA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 90: 
ATCCGCCTGA TTAGCGATAC TNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 50 
n::nnnnnnnn NACTTGAGCA AAATCACCTG CAGGGG 86 

(2) INFORMATION FOR SEQ ID NO: 91: 

(i) SEQUENCE CHARACTERIZATION: 
(A} LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
{ D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: DNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: N at positions 1-3 is biotin 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 91: 

NNNCCCCTGC AGGTGATTTT GCTCAAGT 28 

(2) INFORMATION FOR SEQ ID NO: 92: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 4 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
{ D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 92: 
CCGAAGCTTA ATACGACTCA CTATAGGGAT CCGCCTGATT AGCGATACT 49 

(2) INFORMATION FOR SEQ ID NO: 93: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 84 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 93: 
ATCCGCCTGA TTAGCGATAC TAGGCTTGAC AAAGGGCACC ATGGCTTAGT 50 
GGTCCTAGTA CTTGAGCAAA ATCACCTGCA GGGG 84 

(2) INFORMATION FOR SEQ ID NO: 94: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 8 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 94: 
ATCCGCCTGA TTAGCGATAC TCAGGGCACT GCAAGCAATT GTGGTCCCAA 50 
TGGGCTGAGT ACTTGAGCAA AATCACCTGC AGGGG 85. 
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, OK ?0P. SEQ ID NO-- : 

,:r""sEQC-^NCE CKAP^CTERIZATION: 
" (A) LENGTH: BS base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
MM MOLECULAR T-fPE: DKA ^___„o. 95. 

,,5 T>j^OR'-'-^TION FOR SEQ ID NO : 96 : 
^ SEQ-^NCE CHARACTERIZATION: 

(A) LENGTH: 85 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

SSc ICTTGAGCAA AATCACCTGC AGGGG 

(2) INFORMATION FOR SEQ ID NO : 97 : 
( if SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 83 base pairs 

(B) TYPE: nucleic acxd 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA ^^.^1: 

TCACCTGCAG GGG 



™= -cc«c« 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



INFORMATION FOR SEQ ID NO: 99: 
iV SEQUENCE CHARACTERIZATION: 
^' ^ »fi base pairs 



(2) 

(i) 



(A) 
(B) 
(C) 
(D) 



LENGTH: 86 base pairs 
TYPE: nucleic acid 
STRANDEDNESS : s ingle 
TOPOLOGY: linear 



(ii) MOLECULAR TYPE: DNA 

SSc 
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'MFOF.M^TIOrr FOR SEQ ID NO: 100: 
SEQUENCE CRAR-:^CTERIZATION: 
^*^{A) LENGTH: 8 5 base pairs 
(3) rfPS: nucleic acid 
(C) STRANDEDNESS : single 



(D) TOPOLOGY: linear 
(.^) MOLECULAR TYPE: DNA 

SS^cIc icTTGA=CAA iATCACCTGC tOG<K 
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[1 (2) INFORMATION FOR SEQ ID ^0 : 10 1 ; 

^ (.) SEQUENCE CHARACTERIZATION: 

1% (A) LENGTH: 86 base pairs 

[: (B) TYPE: nucleic acid 

^ (C) STRANDEDNESS : single 

^ (D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

Sgttccccc gacttgagca aaatcacctg cagggg 

ill (2) INFORMATION FOR SEQ ID NO: 102: 

fi| (i) SEQUENCE CHARACTERIZATION: 

y (A) LENGTH: 86 base pairs 

['I (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: DNA 

TGGTTTCCCC CACTTGAGCA AAATCACCTG CAGGGG 



INFORMATION FOR SEQ ID NO: 103: 
(i) SEQUENCE CHARACTERIZATION: 



(2) 

(A) ""length: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: DNA 

CTTCTAGTCC CACTTGAGCA AAATCACCTG CAGGGG 



(2) INFORMATION FOR SEQ ID NO: 104: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULAR TYPE: DNA 
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85 

"CACCT-^ CAGGGG 
105: 



^NrOP.MATlOri FOR SEQ 10 NO: 105 
(I) SEQUEMCE CHARACTERIZATION: 
(P.) LENGTH: 87 base pairs 
(3) TYPE: nucleic acid 

(C) STPJU^TOEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECUI^ TYPf:_^^f,. .„n ID NO: 105: 



(ii) MOi.bwUU/^ l„^Tr^vT qTTO ID NO: 105: 

rCCCGalTA TAACTTGAGC OCAGGGG 

(2) INFORMATION FOR SEQ ID ^O:10S: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 84 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
'^^^^fSfo'^CRTPT^ON: SEQIDNO:10S: 

TTAGTCCCGA CTTGAGCAAA ATCACCTGCA GGGG 



87 
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INFORMATION FOR SEQ ID NO : 107 : 
(i) SEQUENCE CHARACTERIZATION: 



(2) 

'^\a)""leNGTH: 84 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(21 INFORMATION FOR SEQ ID NO: 10 B: 
^ (i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(2) INFORMATION FOR SEQ ID NO = •• 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: DNA 

Ui, SEQUENCE DESCRIPTION: SEQ ID NO: 109. 
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.^^^-^--GA TTAGCGATAC TGAGGCATGT TAACATGAGC ATCGTCTCAC 5C 
GATCCTCAGC CACTTGAGCA AAATCACCTG CAGGGG 

(2) TMFORMATION FOR SEQ ID NO: 110: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 86 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

( ii ) MOLECULAR TYPE : DNA ^ , , , 
(xM SEQUENCE DESCRIPTION: SEQ ID NO: 110: 

ATCCG^CTGA T?AGCGATAC TCCACAGGCT ACGGCACGTA GAGCATCACC 
ATGATCCTGT GACTTGAGCA AAATCACCTG CAGGGG 

(2) INFORMATION FOR SEQ ID NO: 111: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

( c ) STRANDEDNESS : s ingle 
(D) TOPOLOGY: linear 
( i ^ ) MOLECULAR TYPE : DNA 

(X^) SEQUENCE DESCRIPTION: SEQ ID NO: 111: 
atccgJctga TTAGCGATAC TGCGGGCATG GCACATGAGC ATCTCTGATC 50 
CCGCAATCCT CACTTGAGCA AAATCACCTG CAGGGG 

(2) INFORMATION FOR SEQ ID NO: 112: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 86 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 112: 
ATCCgStGA TTAGCGATAC TACCGGGCTA CTTCGTAGAG CATCTCTGAT 50 
CCCGGTGCTC GACTTGAGCA AAATCACCTG CAGGGG 



(2) INFORMATION FOR SEQ ID NO: 113: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 113: 
ATCCgJcTGA TTAGCGATAC TAAAGGGCGA ACGTAGGTCG AGGCATCCAT 50 
TGGATCCCTT CACTTGAGCA AAATCACCTG CAGGGG 

(2) INFORMATION FOR SEQ ID NO: 114: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(Dl TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 
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SEQUENCE D^BCRIPTIOin ^^CTAGCAAT 
...CCGCCTC. TTACCGATAC T^GO^C^CT GTC.C^ 
AGTCCCGTCG CACTTGAGCA «^TCAH.i^ 



,2) TN'ORMATION FOR SEQ ID NO: 115: 

(1) SEQUENCE CHAKACTERIZATION: 

(A) LENGTH: B5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(2) INFORMATION FOR SEQ ID NO: 116: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

gIgtcctccc gacttgago. aaatcacctg cagggg 

(2) INFORMATION FOR SEQ ^^Jl'l"^/ 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

ScCCAXCgJ TACTTGAGCA AAATCACCTG CAGGGG 

(2) INFORMATION FOR SEQ ID NO : 118 : 
(i) SEQUENCE CHARACTERIZATION; 

(A) LENGTH: 83 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

SSItacac ttgagcaaaa tcacctgcag ggg 

(2) INFORMATION FOR SEQ ID NO • ^^^^9 : 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 85 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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( ; i ) MOLSCULA?. TYPE : DN'A 

(") SEQUENCE DESCRIPTION: SEQ ID NO: 119: 
A-4-CTGA TTAGCGATAC TGCGGCTCAA AGTCCTGCTA CCCGCAGCAC 
ATCTGTGGTC ACTTGAGCAA AATCACCTGC AGGGG 



0 



(2) INFORMATION FOR SEQ ID NO: 120: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 8 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 120: 
ATCCGCCTGA TTAGCGATAC TTTGGGCGTG AATGTCCACG GGTACCTCCG 50 
GTCCCAAAGA GACTTGAGCA AAATCACCTG CAGGGG 



f3 [2) INFORMATION FOR SEQ ID NO: 121: 

(i) SEQUENCE CHARACTERIZATION: 
W (A) LENGTH: 8 5 base pairs 

fll (3) TYPE: nucleic acid 

LlJ (C) STRANDEDNESS: single 

Sj (D) TOPOLOGY: linear 

/ (ii) MOLECULAR TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 121: 

ATCCGCCTGA TTAGCGATAC TTCCGCGCAA GTCCCTGGTA AAGGGCAGCC 50 

CTAACTGGTC ACTTGAGCAA AATCACCTGC AGGGG 

(2) INFORMATION FOR SEQ ID NO: 122: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(xi) SEQXreNCE DESCRIPTION: SEQ ID NO: 122: 
ATCCGCCTGA TTAGCGATAC TCAAGTTCCC CACAAGACTG GGGCTGTTCA 
AACCGCTAGT AACTTGAGCA AAATCACCTG CAGGGG 

(2) INFORMATION FOR SEQ ID NO: 123: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

fxi) SEQUENCE DESCRIPTION: SEQ ID NO: 123: 
ATCCGCCTGA TTAGCGATAC TCAAGTAGGG CGCGACACAC GTCCGGGCAC 50 
CTAAGGTCCC AACTTGAGCA AAATCACCTG CAGGGG 

(2) INFORMATION FOR SEQ ID NO: 124: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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-3) -OPOLOGY: linear 

SEQUENCE descr:-ion^ cIgggtcccc TGGAAGCATC 

ATCCGCCTGA TTAGCGATAC l^f^^^^ cAGGGG 
TCCGATCCCA GACTTGAGCA AA^^CACCT 

'^;,riSS:'T.a3e pairs 
B TYPE: nucleic acid 
(C) STPANDEDNESS: single 
TOPOLOGY: ^-^^^^^ 
H^) MOLECULAR TYPE: RNA ^^5: 
SEQUENCE DESC^^PTION^ 

no *^aee oairs 
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LENGTH: 39 base pairs 

IB) 



TYPE: nucleic acid 
tC) STRANDEDNESS: Single 
linear 



39 

3CTCAA 

127: 



t2) 



(D) TOPOLOGY: linear^ 
T..iSic.1— ^^^^^^^ — ^ 

LENGTH: 24 base pairs 
TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: ^^^^^ 

lit; S^oSlmfo»: SKO .0 »0, 
OCCTOTOTG MCCTCCTCT CGSA 

^'\;,) LENGTH: 93 base pairs 
jB) TYPE: nucleic acid 
(C) STRANDEDNESS: Single 
TOPOLOGY: linear 



(il) MOLECULAR TYPE: RNA 

(U) FEATURE: pyrimidines are 2'-F modified 

(D) OTHER INFORMATION^ AH py ^ 



^ (A) LENGTH: 91 base pairs 
(B) TYPE: nucleic acid 
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(C) ST?---jDEDMt:SS : single 

(D) TOPOLOGY: linear 
tii) MOLECULAR TYPE: RNA 

^'(D) ^otS^INFORMATION: All pyrimidines are 2'-F modified 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 129: 
GGGAGAC^G AAUAACGCUC AACCAACCUU CUGUCGGCGU UGCUULOIGG 
ACGGCACUCA GGCUCCAUUC GACAGGAGGC UCACAACAGG C 

(2) tnFORMATION for SEQ ID NO: 13 0: 

(i) SSQUrlNCE CHARACTERIZATION: 
(A) LENGTH: 3 5 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^'(D) ""SIS^INFORMATION: All pyrimidines are 2--F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:130:: 
GGGAGACAAG AAUAACGCUC AAUCGAUCGG UUGUGUGCCG GACAGCCUUA 50 
ACCAGGGCUG GGACCGAGGC CUUCGACAGG AGGCUCACAA CAGGC 95 

(2) INFORMATION FOR SEQ ID NO : 131: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 92 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^^U) ^OTHSR INFORMATION: All pyrimidines are 2'-F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 131: 
GGGAGACAAG AAUAACGCUC AACUGAGUAG GGGAGGAAGU UGAAUCAGUU 50 
GUGGCGCCUC UCAUUCGCUU CGACAGGAGG CUCACAACAG GC 

(2) INFORMATION FOR SEQ ID NO: 132: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 95 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^^%) ^0THE?INF0RMATI0N: All pyrimidines are 2'-F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 132: 
GGGAGACAAG AAUAACGCUC AACAGCACUU UCGCUUUUCA UCAUUUUUUC 50 
UUUCCACUGU UGGGCGCGGA AUUCGACAGG AGGCUCACAA CAGGC 

(2) INFORMATION FOR SEQ ID NO: 133: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 96 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



PCT/US96/08014 



WO 96/3S5' 



135 



feaTU?,H: ..i pyrimidmes are 2'-F modi.i^- 

: /.roi^-crrSxo^^;- ^^^^^^^^ so 



J" SEQtHNCS CHAP-ACTERI.A.10N. 
" LENGTH: 96 base pairs 

- TYPE: nucleic acid 

.n.= iK^ED>rESS: Single 



7^) STRA.N-ED>raSS : sir 

Id) TOPOLOGY: l^^^^; 

MOLECULAil TYPE: RNA 

FEATURE: ;,u pyrimidines are 2 ' -F modified 



(ix) 
(D) 



(D) OTHtt^ x^--^^ ' -THM. SEQ XD NO: 1^*: 

SEQUENCE °HSCHXPTXO^ fcAUUUCUCU UUUCUUCUCA 

CGG.G.C;^G AAU^f^f^^, ^^00^ GAGGCUCACA ACAGGC 
CGAGCGGGUU UCCAGJG^C CAUU 

:rS^S^El^CTE.X.ATXON: 
- p.) LENGTH: 9. base pairs 
. TYPE: nucleic acid 
C) STRANDEDNESS: Single 



(ii) 
(ix) 



(O) TOPOLOGY: 1^^^^^ 
MOLECULAR TYPE: RNA 



MOLECULE i-"-- .-f^^A 

FEATURE: pyrimidines are 2--F modified 

s= ™" =™ "^"^ 

U) t» se pairs 



(A) LENGTH: 93 base pairs 
B) TYPE: nucleic acid 
,r\ STRANDEDNESS: Single 



jD) TOPOLOGY: 
(U) MOLECUU^ TYPE: RNA 
(i^) FEATURE: ;,n pyrimidines are 2 ' -F modified 

(D) OTHER INFORMATION. All PY 
J,' SEQUENCE -HSCRXPTION: SEQ 1°^^ 
OOGAGACAAG MUAACJCUC AAGUCG^-C ^^^^^ 
CGAUUAACGA UUCGGUCAGU u 



(A) LENGTH: SB base pairs 
J TYPE: nucleic acid 
C) STRANDEDNESS: single 
(D) TOPOLOGY: 1^"^^^ 
MOLECULAR TYPE: RNA 
(ix) FEATURE: 
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(D) OTHER INrO?->t-.TICN: All ovrimidines are 2'-? rr.cdified 
SEQUENCE DESCRIPTION: SEQ ID NO: 137: 
GGGAGACAAG AAUAACGCUC AAGUGCAAAC UUAACCCGGG AACCGCGCGU 50 
L-CGAUCGAC UUUCCUUUCC AUUCGACAGG AGGCUCACAA CAGGC 95 

(2) INFORMATION FOR SEQ ID NO: 13 8: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 96 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 13 8: 
GGGAGACAAG AAUAACGCUC AAAUUCCGCG UUCCGAUUAA UCCUGUGCUC 50 
GG AAAuCGGU AGCCAUAGUG CAUUCGACAG GAGGCUCACA ACAGGC 96 



(2) INFORMATION FOR SEQ ID NO: 13 9: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECUU^R TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 139: 
GGGAGACAAG AAUAACGCUC AACGAACGAG GAGGGAGUGG CAAGGGAUGG 50 
UUGGAUAGGC UCUACGCUCA UUCGACAGGA GGCUCACAAC AGGC 94 

(2) INFORMATION FOR SEQ ID NO: 14 0: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 140: 
GGGAGACAAG AAUAACGCUC AAGCGAAACU GGCGACUUGC UCCAUUGGCC 50 
GAUAUAACGA UUCGGUUCAU UUCGACAGGA GGCUCACAAC AGGC 94 

(2) INFORMATION FOR SEQ ID NO: 141: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 95 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 



(D) 



OTHER INFORMATION: All pyrimidines are 2'-F modified 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 141: 
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--r---G-UC :aCGA.:^-G"G GAGG^^GbC^ g. 
GGGAGAC^^G P^L^-G.L^ ^ „^ aGGCUCACAA CA..^ 

UUGG.VJA3GC UCUACGOJC. „..^-A.. 



142: 



(A) LENGTH: 94 base_paxrs 



(3) TYPE: nucleic acid 
(C) STRANDEDNESS : single 
(n) TOPOLOGY: linear 

■ (.1) MOLECULAR TYPE: RNA 

(1:0 FEATURE: ^11 pyrimidines are 2 ' -F modified 

---- ™= 



LENGTH: 95 base pairS 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 



FEATURE: ^ pyrimidines are 2--F modified 

S^cSS? ^= 



' (A) LENGTH: 96 base pairs 
TYPE: nucleic acid 



50 
96 



(B) TYPE: nucicj-- 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(i^) FEATURE: ^11 pyrimidines are 2 ' -F modified 

r^^Tc r= =s 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: li^^ar 
(ii) MOLECULAR TYPE: RNA 

FEATURE: „.;„^dines are 2--F modified 



(ix) FEATURE: j^-^ pyrimidines are 

s^^c ™- 
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(-^^ -^I^-ORMATION FOR SEQ ID NO: 146 
(1) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 95 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RKA 
(ix) 

(D) 

- -^T^mTOtM . c;vri iiJ iNiU : xiw . 

50 
96 



'SS'inFOKMATION: All pyri.idines are 2 ' -P .edified 
Sauga^u gggaccgagg ccuucgacag gaggcucaca acaggc 

H (2) INFORMATION FOR SEQ ID NO: 147: 

(i) SEQUENCE CHARACTERIZATION: 

^ (A) LENGTH: 96 base pairs 

f~ TYPE: nucleic acid 

E'3 (C) STRANDEDNESS: single 

fll (0) TOPOLOGY: linear 

I J (ii) MOLECULAR TYPE: RNA 

'SSflNFORKATION: All pyri^idines are ^-F modified 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: ^^l' 
" GGGAGACAAG AAUAACGCUC AANGACGNGU GGACCUGACU AAUCGACUGA 50 

fU U?SSSS ScCCAGAUG GGUUCGACAG GAGGCUCACA ACAGGC 

'fi (2) INFORMATION FOR SEQ ID NO: 148: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

''(D) 'SS'lNFORMATION: All pyri.idines are ^-F modified 
Ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 148: 
GGGAGA^G SuAACGCUC AACACUGCGA CUUGCAGAAG CCUUGUGUGG 
CGGUACCCCC UUUGGCCUCG UUCGACAGGA GGCUCACAAC AGGC 

(2) INFORMATION FOR SEQ ID NO: 149: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

"I, '^i»F0R»TIO», All pyrimdines are 2-? -xilfieO 

fy-i) SEQUENCE DESCRIPTION: SEQ ID NO: 149: 
GGGAGA^G S^CGCUC AAGGUGGCAU UUCUUCAUUU UCCUUCUCGC 
OTUCUCCGCC GUUGGGCGCG UUCGACAGGA GGCUCACAAC AGGC 



(2) INFORMATION FOR SEQ ID NO: 150: 
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due:; 



cKAR.^cT£?.:z«r:oN: 

'length: 96 base pairs 
(=) TYPE: nucleic acid 
(C) STRAIIDEDNESS : single 
Id) TOPOLOGY: linear 
(.^ MOLECULAR TYPE: RNA 

'^?^^cLSc S"cO=°=UA ==;=<=S=AAA= UU=AAUCA=0 

r=;r=c;?Sl 

(A) LENGTH: 94 base pairs 



50 
96 



(B) TYPE: nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 
(ix) 



1, ™iKFOB«TI0»: AU pyrLidi-s are 2-F »o<il£i..i 

-^""^'^^ 



50 
94 



INFORMATION FOR SEQ ID NO: 152: 
(?) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(ix) 
(D) 



FEATURE: :«;^^ti*»<i are 2'-F modified 

rr.» OTHER INFORMATION: All pyrimidines are 

' nt- U->co nairs 



(2) 

(i) 



(A) LENGTH: 96 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(ix) FEATURE: {_.4j<tioc, are 2'-F modified 
OTHER INFORMATION: ^^^^^^""^^^^"^53 
^ccrTJTPTION: SEQ ID NO. . 



(D) OTHER INFUKPrnxx^". „o. ,53. 

^C»CA= OA^CCUCACA ACA.3C 

- .r=/°—xrAxxS5r 

(A) LENGTH: 9S base pairs 



50 
96 
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{2} TV?E: nucleic acid 
fC) ST?>-iroEDM£SS : single 
(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(iv) FEArJRE: ^ 
(D) OTHER INFORMATION: All pyrimidines are 2'-F modified 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 154: 
GGGAGACAAG AAUAACGCUC AACACAGCCU NANAGGGGGG AAGUUGAAUC SO 
AGUUGUGGCG CUCUACUCAU UCGCUUCGAC AGGAGGCUCA CAACAGGC 93 

(2) INFORMATION FOR SEQ ID NO : 155: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 94 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2 ' -F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 5: 
GGGAGACAAG AAUAACGCUC AAANGGGNUA UGGUGACUUG CUCCAUUGGC 50 
CGAUAUAACG AUuCGGUCAG UUCGACAGGA GGCUCACAAC AGGC 94 

(2) INFORMATION FOR SEQ ID NO: 156: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 96 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 156: 
GGGAGACAAG AAUAACGCUC AACCUGCGUA GGGNGGGAAG UUGAAUCAGU 50 
UGUGGCGCUC UACUCAUUCG CCUUCGACAG GAGGCUCACA ACAGGC 96 

(2) INFORMATION FOR SEQ ID NO: 157: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 157: 
GGGAGACAAG AAUAACGCUC AACGAACGAG GAGGGAGUGG CAAGGGAUGG 50 
UUGGAUAGGC UCUACGCUCA UUCGACAGGA GGCUCACAAC AGGC 94 



(2) INFORMATION FOR SEQ ID NO: 158: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 97 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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50 
97 



(2) 

(i) 



TOPCLOGV: Unear 
(U) MOLECUI^^ TYPE. 2' -F modified 

,iy) FEATURE: pyrimidines a.e 

^-%) OTHE?- INFORMATION.: ^-^^P/ ^59: 

SEQUENCE OESCRIPTIO^ ^f^cCCGGG AACCGCGCGU 

S rT^R;;-.HrN^-.. sin.le 
topology: linear 

(ii) MOLECULAR TYPE. , 2--F modified 

(ix) FEATURE: aU pyrimidxnes are ^ 

T-i^rrTW. 93 base paxrs 
(A) LENGTH. - 
= TYPE: nucleic acid 
\l\ STRANDEDNESS: single 
m TOPOLOGY: linear 
ID) ^ wpE- RNA 

(ill MoiEcoLAK „. ,.-F«.ai£iea 

C STRAOTEDNESS: Single 
TOPOLOGY: If^^f^^ 
MOLECULAR type: RNA modified 
(ix) FEATURE: All pyrimidines are ^ 

(Ai LENGTH: 96 base v 

B TYPE: nucleic acid 

C sTRANDEDNESS: Single 

m TOPOLOGY: linear 

(ii) MOLECULAR TYf-- 



93 

CACAACA GGC 

161: 



50 
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''(D, 'SS^IMFORMATION: All pyrimidir.es are 2'-F modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 152: 
rr-raCAAG AAUAACGCUC AAGUGCAAAC UUAACCCGGG AACC^CGCGU 
ScGAUC^G SuJ^UUUUU CCUUCGACAG GAGGCUCACA ACAGGC 

(2) INFORMATION FOR SEQ ID NO: 16 3: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 93 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECXJLAR TYPE: RKA 

^'(D) ^O^S^^INFORMATION: All pyrimidines are 2'-F modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 163: 
GGGAGACAAG AAUAACGCUC AAUCGNUCGG UUGUGUGCCG GCAGCUUUGU 50 
CCAGCGUUGG GCCGAGGCCU UCGACAGGAG GCUCACAACA GGC ^3 

(2) INFORMATION FOR SEQ ID NO: 164: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 95 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

'^"[d) ^otHER^ INFORMATION: All pyrimidines are 2'-? modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 164: 
GGGAGACAAG AAUAACGCUC AAAGUACCCA UCUCAUCUUU UCCUUUCCUU 50 
UCUUCAAGGC ACAUUGAGGG UUUCGACAGG AGGCUCACAA CAGGC 

(2) INFORMATION FOR SEQ ID NO: 165: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 97 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^^%) ^SheR^ INFORMATION: All pyrimidines are 2'-F modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 165: 
GGGAGACAAG AAUAACGCUC AACCUGAGUA GGGGGGGAAG U^GAACCAGU SO 
UGUGGCNGCC UACUCAUUCN CCAUUCGACA GGAGGCUCAC AACAGGC 

(2) INFORMATION FOR SEQ ID NO: 166: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^m) OTHER INFORMATION: All pyrimidines are 2'-F modified 
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S SSSrS oocucc^c .OOC 



50 
94 



TM-ORMATIOM FOR SEQ ID NO: IS"? 

Tq^^c^ characterization: 

LENGTH: 96 base pairs 



J r/'E: nucleic acia 
(C) ST?J\NDEDNESS: single 
TOPOLOGY: linear 
(.1) MOLECUIAR TYPE: RNA 

(I:<) FEATURE: ;,u oyrimidines are 2 ' -F r.cdif led 
^^«iro TMFORMATION: Aix 



:<) FiAiui^r.. All oyrimidines slc ^ - 

(O) OTHER INFORMATION: ^^t^J , 

SEQUENCE DESCRIPTION^ 'cS^UCGGCGC UUGUCUUUUU 
SS^A: S-croS^C fuSS OAGGCUCACA ACAGGC 



-MCORMATION FOR SEQ ID NO: 168: 
,:>-°^SnCE CHARACTERIZATION: 
(A) LENGTH: 93 base pairs 
,3) TYPE: nucleic acid^ 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

^^''^ ) OTHER INfO«^^ ""eo id NO: 168: 

ccotTENCE DESCRIPTION: SEQ_ID_«^^ „r->^r.nGACU 

93 



FEATURE: ;ai pyrimidines are 2 • -F modified 

(D) OTHER INFORMATION^ cpq ID NO: 168: 
(J, SEQUENCE I^ES^^f "°^;a oScc?gGGC UGAAGUGACU 

o^: Hase pairs 



f i ^ btW-'c^"^^ . . 

(A) LENGTH: 96 base pairs 
TYPE: nucleic acid 



(B) TYPE: nucj.<=*«- 

(C) STRANDEDNESS: single 
m) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

''t, ^^information: All V^^^^ ^ 
. sScE ^ SS^IO^- j^^cACUU SO 

=S ScS OAGGCUCACA ACAGGC 



,21 INFORMATION FOR SEQ ID NO : 170 . 
(if SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 96 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECUIAR TYPE: RNA 



(ix) 
(D) 



MOLECUliKK. ii.-- 

FEATURE: pyrimidines are 2--F modified 

OTHER INFORMATION: P^^^ ^,o: 

^=°--«?.ir^!"SS?uU uSu'cLu^UU CCACUCCUUC 
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ACV-JCUUUA.:^ C-JGGGCGUG CAuUCGACAG GAGGCVCACA ACAGGC 96 

(2) INFORMATION FOR SEQ ID NO: 171: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: N at positions 1 and 23 
base pair to each other and can be 1-4 
base pairs long, 
(ix) FEATURE: 

O (D) OTHER INFORMATION: N at positions 5 and 10 

[3 is any base pair. 

Hi= (ix) FEATURE: 

m (D) OTHER INFORMATION: N at positions 6 and 9 

fy is any base pair. 

[J (ix) FEATURE: 

I J (D) OTHER INFORMATION: N at positions 7 and 8 is 

any base pair, 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 171: 
\i NGGCNNNNNN GRKYAYYRRT CCN 

(2) INFORMATION FOR SEQ ID NO: 172: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 38 base pairs 

M (B) TYPE: nucleic acid 

(C) STRANDEDNESS: . single 

(D) * TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: Nucleotide 38 is an 
inverted orientation T (3' -3' linked) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 172: 
TGGGAGGGCG CGTTCTTCGT GGTTACTTTT AGTCCCGT 38 

(2) INFORMATION FOR SEQ ID NO: 173: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 4 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULAR TYPE: DNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: Nucleotide 40 is an 
inverted orientation T (3' -3' linked) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 173: 
CACAGGCTAC GGCACGTAGA GCATCACCAT GATCCTGTGT 40 



(2) INFORMATION FOR SEQ ID NO: 174: 
(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 45 base pairs 
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TYPr:: r.ucleic acid 
STRAITDEONESS : single 
TOPOLOGY: linear 
MOLEOJLAH TYPE: DNA 



(2; 



-v^OPuVATION FOR SEQ ID NO: 175: 
SSQUHNCS CHARACTERIZATION: 
"length: 3 6 base pairs 
U TYPE: nucleic acid 

(C) STRANDEDNESS : single 
^9 (D) TOPOLOGY: linear 

MOLECULAR TYPE: DNA 



S^", ir2'-o-»«hyl-2'-aeo:cyadenosi»e. 

3 "■;l>, ^iKTOPmTXOH. « a. position » is 

2. -0-™i:hyl-2- -deoxyuridine. 



'^U, ™U™.TXOH, U .t positions . and is 
2' .fluoro-2' -deoxyuridine. 

™;k.ORMATION: C at positions 23. 32 and 



- rir2^!=---rvcrctsr 

CAGG^icGG cicGTAGAGC AUCACCATGA TCCUGT 



(2) 



INFORMATION FOR SEQ ID NO: 176: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: DNA 



^^U) ^INFORMATION: C at position 8 is 2' • 
O-methyl-2' -deoxycytidine. 

'^'information: G at positions 9. 17 
' ' 31 is 2' -O-methyl-2' -deoxyguanosme. 
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'oTS?riN^OR>tATION: A at position 22 is 
**-0-methyl-2' -deoxyadenine. 



{IX} FEATURE: . . : ^„ m ^^ 7' - 

(D) OTHER INFORMATION: U at position 30 is 2 
O-methyl-2' -deoxyuridme. 

(ix) FEATURE: . . , 

(D) OTHER INFORMATION: U at positions 6 and 
20 is 2' -fluoro-2' -deoxyuridme. 

(ix) FEATURE: . . 

(D) OTHER INFORMATION: C at positions 21, 28 
and 29 is 2'-fluoro-2'-deoxycytidine. 

(ix) FEATURE: . , , . 

n (D) OTHER INFORMATION: N at positions 10 and 23 

Q is pentaethylene glycol phosphoramidite 

fil spacer. 
U% (ix) FEATURE: 

rr| (D) OTHER INFORMATION: Nucleotide 32 IS an 

m inverted orientation T (3-3' linked) 

{x^ sequence description: SEQIDN0:176: 
CAGGCUACGN CGTAGAGCAU CANTGATCCU GT 



(2) information for SEQ id NO: 177: 
(i) SEQUENCE CHARACTERIZATION: 
\}{ (A) LENGTH: 39 base pairs 

iy (3) TYPE: nucleic acid 

'"4 (C) sTRANDEDNESS : single 

E3 (D) TOPOLOGY: linear 

j''^^- (ii) MOLECULAR TYPE: DNA 

(ix) FEATURE: 

(D) OTHER INFORMATION: Nucleotide 39 is an 
inverted orientation T (3-3' linked) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 177: 
CAGTCCGTGG TAGGGCAGGT TGGGGTGACT TCGTGGAAT 

(2) INFORMATION FOR SEQ ID NO: 178: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
{ D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: DNA 

(ix) FEATURE: . . ^ . . 

(D) OTHER INFORMATION: T at positions 13, 14, 
16 and 17 is substituted with IdU. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 178: 
TGGGAGGGCG CGTTCTTCGT GGTTACTTTT AGTCCCG 

(2) INFORMATION FOR SEQ ID NO: 17 9: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(:.!} MCLECULA?. TV?E : DNA 

(IX) FEATURE: ^^e^rinn 20 is subscituted with Id'J. 

(D) OTHER INF0R>:ATI0N: T at position 20 is siis 
(X^) SEQUENCE DESCRIPTION: SEQ ID NO: 179: 
TGGGAGGGCG CGTTCTTCGT GGTTACTTTT AGTCCCG 

(2) INFORMATION FOR SEQ ID NO: 180: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 3 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

''I, ™xnP0R.^TX0N: T at position 23 is substituted with XdU. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 180: 
TGGGAGGGCG CGTTCTTCGT GGTTACTTTT AGTCCCG 

(2) TNFORMATION FOR SEQ ID NO: 181: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 3 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

*1d) "information: T at position 24 is substituted with IdU. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 181: 
TGGGAGGGCG CGTTCTTCGT GGTTACTTTT AGTCCCG 

(2) INFORMATION FOR SEQ ID NO: 182: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(ix) FEATURE: „^,.^«n 57 is substituted with IdU. 

(D) OTHER INFORMATION: T at position 27 is suDSticuue 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 182: 

TGGGAGGGCG CGTTCTTCGT GGTTACTTTT AGTCCCG 

(2) INFORMATION FOR SEQ ID NO: 183: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: DNA 

(ix) FEATURE: ofi.io is substituted with 

(D) OTHER INFORMATION: T at positions 28-30 IS suds 

IdU. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 183: 
TGGGAGGGCG CGTTCTTCGT GGTTACTTTT AGTCCCG 
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(- T-ropj-TATIOM FOR SEQ ID NO: 184: 
{h SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 37 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: DNA 

(ix) FEATURE: . g^gtituted with IdU. 

(D) OTHER INFORMATION: T at Position 3 is substi. 
(J) SEQUENCE DESCRIPTION: SEQ ID NO : , 184 : 
TGGGAGGGCG CGTTCTTCGT GGTTACTTTT AGTCCCG 

(2^' TMFORMATION FOR SEQ ID NO: 185: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: Peptide 

(ix) FEATURE: . ^^=^finn 5 is a modified amino acid 

(D) OTHER INFORMATION: Xaa at position 5 is ^ moa 

that could not be identiried. 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 185: 
Lys Lys Pro He Xaa Lys Lys 

(2) INFORMATION FOR SEQ ID NO: 186: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

fxil SEQUENCE DESCRIPTION: SEQ ID NO: 186: 
GGGAGGACG^^^^^ NNNNNNNNNN NNNNNNNNNN N— KNN 

NNNKNCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 187: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 187: 
TAATACGACT CACTATAGGG AGGACGATGC GG 

(2) INFORMATION FOR SEQ ID NO: 188: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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.■v-. ) SEQUENCE. Dc-SCR-- 
TCGC-GCGAGT CGTCTG 

''(M I-ENGTH: 71 base pairs 
, TYPE: nucleic acid 
(C) STRANDEDNSSS: Single 



50 
71 



50 
71 



(9) TOPOLOGY: linear 
(.1) MOLECULAR TYPE: HNA 

(Ix) FEATURE: pyrimidines are 2--NK: modified 

(D) OTHER INJ'O^^^^!^;,^ SEQ ID NO: 189: 

SEQUENCE DESCRIPTX^^^^^ ,^,^,,3G 

' (A) LEi^GTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: 
(li) MOLECULAR TYPE: RNA 

....oi^^L==oS SS'--" 

UUGCCCAGAC GACUCGCCCG A 

' (A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: 1^"®" 
Ui) MOLECULAR TYPE: RKA 

GGCCCAGACG ACUCGCCCGA 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: li^^" 



(ii) MOLECULAR ' . ^a^a 
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(2, INFORMATION FOR SEQ ID NO: 193: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STR;^EDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RKA 

(ix) FEATURE: , 
(D) OTHER INFORMATION: All pyrimidines are 2 ' -NK, modified 

(xi)' SEQUENCE DESCRIPTION: SEQ ID N0:193: 
GGGAGGACGA UGCGGUAGCU GCUGUCAUGC AAGACACUAG AAGAUUAAGA 
UGGGGCAGAC GACUCGCCCG A 
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(2) INFORMATION FOR SEQ ID NO: 194: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 74 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RKA 

(ix) FEATURE; , 
(D) OTHER INFORMATION: All pyrimidines are 2 ' -NH^ modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:194: 
GGGAGGACGA UGCGGGGGCC GGAUUUGAAC CGACGACUUC GGGUUAUGAG 50 
CCCGACGUCA GACGACUCGC CCGA 

(2) INFORMATION FOR SEQ ID NO: 195: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2 ' -NH^ moditied 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 195: 
GGGAGGACGA UGCGGUCCAG GGAUUGAAGU GUCGGGGUAG GAACAUAAAG 50 
GCGGCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 196: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 7 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2 ' -NHj modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 196: 
GGGAGGACGA UGCGGAAGUU CUAACAAGUU AGUGGAAGGU UCCACUUGAA 50 
UGUACAGACG ACUCGCCCGA 
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tmfo?-M:^TION FCP^ SEQ ID NO: 197: 

(1) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 44 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

^Irn'oSS'lNEORMATION: All pyrimidines are 2 • -NH. .edified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 197: 
gggagScga UGCGGAUGGA GCUGAAAUCA GACGACUCGC CCGA 

(0-. INFORMATION FOR SEQ ID NO: 198: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

"p.'S^HFOHMATIOS: All pyrimidlne, «, 2 -««. .odifled 

UGCGGCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 199: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

*'(P)'oS'iNFORMATION: All pyri.idines are 2-NH, modified 
<vi^ SEQUENCE DESCRIPTION: SEQ ID NO: 199: 

ci==A^ic« AA«=AS=«A c«cmoc»G xi>«ccm<=c so 

UGGCCAGACG ACUCGCCCGA 

(2) INFORMATION FOR SEQ ID NO: 200: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^'U)'SS^'iNFORMATION= All pyri.idines are 2-NH, modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 200: 
GGGAGG^CGA UGCGGAUGGA GCUGAAAUCA GACGACUCGC CCGA 

(2) INFORMATION FOR SEQ ID NO: 201: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 
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STRA^rDEDKESS : single 
- ;d) TOPOLOGY: linear 
■; 1 1 ) ' MOLECULAR TYPE : RNA 

" ra,'5^'i..F0Rtu.TI0N: All pyri»idi«s are 2--m, »odi;..d 
^..IS^:^^^^^^^^^ fl 

GGACACAGAC GACUCGCCCG A 

TN'FORMATION FOR SEQ ID NO: 202: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

■''U,'oSS'iNrOHMATION: All pyri.idines are ^-NH. .edified 
fv^l ciTOUENCE DESCRIPTION: SEQ ID NO: 202: 
===A=^;C=11?C™ 0.=«v=«U= CACOWACAG «AAAUCC=» SO 

GUGGCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 203: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

"U,™iHFC,«A"0», All pvri«l<ii»es are a-»H, .edified 

=.Ar=i^/A=/.=r=™ ri 

UGCGGCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 204: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 57 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

''(D)'S'lNFOHMATION= All pyri.idines are 2.-NH. .edified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 204: 
OGGAGGACGA SfcLcUUA GGGAAAUGGU UCUGAGGUGG UCAGACGACU 50 

CGCCCGA 

(2) INFORMATION FOR SEQ ID NO: 205: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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■frt^n.r" ^n.^d--s are 2 -NH, modified 

' OTHER Ii:?OR>lATIOH: ^.q.. 205: 



50 
71 



LENGTH: 44 base pairs 



TV?E: nucleic ac.d 
STRANDEDNESS: Single 
'-v TOPOLOGY: linear 



(2) 



LENGTH: 71 base pairs 
3) TYPE: nucleic acid 
(C) STRWTOEDNESS: single 
P) TOPOLOGY: ^^^^^L,^ 

"2xo». MX PV.i— are --"'^ 
(D) OTHER INFO«^"°^= SEQ ID NO: 207: 

GCGGCCAGAC GACUCGCCCG A 
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(2) 

(i) 



1.ENGTH: 69 base pairs 
B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: 
,,1) MOLECULAR TYPE: RNA 

(ix) FEATURE: pyriraidines are 

^ 1. -.^Ts TMFORMATION: AU- ..^ ...o. 



GUGCAGACGA CUCGCCCGA 

. (A) LENGTH: 71 base P 
B TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) 
(ix) 
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SEQUZ::C£ DESC?-:?TI0N: SEQ id NO: 209: 
GG3AGGACGA UGCGGGAAGG GuAGGAAGGU CAAGAGGAAA CAGCGCUUCG 
GGGUGCAGAC GAC'JCGCCCG A 
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(2) INFORMATION FOR SEQ ID NO : 210: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2 ' -NH, modified 
(vi) SEQUENCE DESCRIPTION: SEQ ID NO: 210: 
GGGAGGACGA UGCGGGGCAA AGGAAGUUGG AAUCGGGACU AAGUAGUGUG 50 
UGGCCAGACG ACUCGCCCGA '^^ 

(2) INFORMATION FOR SEQ ID NO: 211: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STPJVNDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2 ' -NH: modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 211: 
GGGAGGACGA UGCGGAGAAC CAACAGAGCC CCCUGGUGGU GGGGGAAGGA SO 
UUCUCAGACG ACUCGCCCGA 

(2) INFORMATION FOR SEQ ID NO: 212: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
{ D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2 • -NHj modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 212: 

GGGAGGACGA UGCGGACACA CAAGUGAAGG UCAGACGCGA AUUACGUGGG SO 
UGGGCAGACG ACUCGCCCGA '^^ 

(2) INFORMATION FOR SEQ ID NO: 213: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 82 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

(ix) FEATURE: . 

(D) OTHER INFORMATION: All pyrimidines are 2 * -NHj modifiec 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 213: 
GGGAGGACGA UGCGGUCGUG GGGUGGGUGG GGGCAGCGUU GGAAUAAGUA 50 
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A-UC-Z-VA-^CG GCUGGCCAGn Cu^^^- 

- M IeNGTH: 71 base pairs 
3 TYPE: nucleic acid 
C) STRANDEDNESS : single 



(D) TOPOLOGY: ■ 
.1) MOLECULAP. TYPE: W^A 

Gv^G^^oA a 



iaG^i^ACCU GUAAUUAUAU UGAUU.u.o. 

3GACGA u»^^ovj^— - 
UUUAGCAGAC GAOJCGCCCG A 

(A) LENGTH: 53 base pairs 

^PE: nucleic acid 
(CI STRANDEDNESS : single 



(D) TOPOLOGY: 1^"^^^^^ 
(ii) MOLECULAR TYPE: RNA 

' veaTURE: ,„,.i„es are modified 



(ix) FEATURE: M.1 pyrimidines are 

(D) OTHER INFORMATION^ ceQ ID NO: 215: 
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CGA 
(2) 



(i) 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: 1-^"®" 
(ii) MOLECULAR TYPE: SNA 

UAGGUGGCCA GACGACUCGC CCGA 

- r=ETHAS?TSl^^^^^^ 
^ \a) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: ^^^^^^^ 
(il) MOLECULAR TYPE: RNA 

PEATURE: pyrimidines are 2--NH, modified 

) OTHER INFORMATION^ All pyr 

^^^n•B DESCRIPTION: sty J-" „^^AnrrttUC ^" 

71 



(D) OTHER ceo id NO: 217: 

GUGGCCAGAC GACUCGCCCG A 
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-;ro?_'-lATIOtI. FOP. SEQ ID NO: 213: 
SEQO-riCE CHARACTEP.IZATION: 
(A) LENGTH: 73 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(i^) MOLECULAR TYPE: RNA 

"U.'SSS'iKFOPmTIOS: AU pyri.ldi.es are .-m, .odified 

CAUGGGUCAG ACGACUCGCC CGA 

(2) IN-ORMATION FOR SEQ ID NO: 219: 
(i) SEQUENCE CHARACTERIZATION: 
*(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(i^) MOLECULAR TYPE: RNA 

%'f^X«yo«^Tlo.-. All pvri.idi„es are .edified 

CUGGGCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO:220: 
(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(1^) MOLECULAR TYPE: RNA 

''VTTS^t.,o^rz^: «1 pvri.idi»e, are ^-flucro .a^F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 220: 
GGGAGGACGA SgGCAUU CGUCAAUACC UUGUUUUAUU CCUUUUCUAG 

CGGCCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 221: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 71 base pairs 
tB) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

All pyri.idi„es .re 2-£l-r= (^'F. 

modified 

GUGGCCAGAC GACUCGCCCG A 
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,- -.TOPJ-UTION FOR SEQ ID NO: 222: 
(1) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(U) MOLECULAR TYPE: RNA 

'%'f^"'.mc.^-^l^: AU pyri»idi.es are .-fluoro l.T. 

modified 

UGCCCAGACG ACUCGCCCGA 

(2) INFORMATION FOR SEQ ID NO:223: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 72 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

modified 

CCCCCCCAGA CGACUCGCCC GA 

(2) INFORMATION FOR SEQ ID NO: 224: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

'lo.'^iNrc^^TIOH: Ml pyri.idine, are ^-nuoro ..•K> 

modified 

GUGCCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 225: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

(ix) FEATURE: . . ,. 2'-fluoro (2'F) 

(D) OTHER INFORMATION: All pyrimidines are 2 

modified 

SEQUENCE DESCRIPTION: SEQ ID NO: 225: 
OaOAi^AioA S=™UC. «UA===CCA OUUCUCAOJA GCUAUCCUAC 
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ccv:-:ccAGA cgacjcgccc 

TM^OPmTICM FOR SEQ ID NO: 226: 

SEQUEiTCE CHARACTERIZATION: 
'"(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

( ^ n MOLECULAR TYPE : RNA 

'1i,lTS?i»F0^TX0», Ml py.i»idin.s a« 2 -f lucre 

^ modified 

GUGCCCAGAC GACUCGCCCG A 

(2> TNFORMATION FOR SEQ ID NO: 227: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

modified 

CUGCCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 228: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

'1^,T^i»ro»UTIOH, Ml pyri-iOlne. are .-£luoro (rP, 

modified 

CCGCCAGACG ACUCGCCCGA 

(2) INFORMATION FOR SEQ ID NO: 229: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

'1l„"UpmTI0N, All pyri.idt„os are r-fluoro CT. 

modified 
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72 



230 : 



LENGTH: 70 base paxrs 
31 TVPS: nucleic acid 
L cT:,iST3EDNSSS-. single 



(C) STRA-NDEDNSSS: 

(D) TOPOLOGY: ^^^^^^ 
(.i) MOLSOTuAR TYPE: P>A ^ _ 

GGC?CAGACG ACUCGCCCGA 

' LENGTH: 70 base pairs 

B) TYPE: nucleic acid 
(C) STRANDEDNESS : single 
(Dl TOPOLOGY: 1^"^*^^^^ 
(U) MOLECULAR TYPE: HNA 

GGGCCAGACG ACUCGCCCGA 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: li'^^*^^^ 
(il) MOLECULAR TYPE: RNA 

CCGGCCAGAC GACUCGCCCG A 

- ^^^^^^^^^^ 
''U) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 
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(D) OTKE?. IMFOPJ-IATIOM: All ?yr irnidir.es are 2--flucro (2'F) 

modified 

-xi) SEQUENCE DESCRIPTION: SEQ ID NO: 233: 
GGGA3GACGA UGCGGGAAUU CCCAGCGCUU GACUGAUACA AACNUUCCCG 50 
UGCCCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO:234: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) ■ STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

(ix) FEATURE: ,nt^\ 
(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro (2 F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 234: 
GGGAGGACGA UGCGGCAANN NNNNNCUCUC UCCUGGCGLU CCGCAACCCG 50 
CCCCCAGACG ACUCGCCCGA 

(21 INFORMATION FOR SEQ ID NO : 23 5: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro (2 F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 235: 



3AGGACGA UGCGGAGUAU UCCAGCCUGG AUUCAUAGUC AGUGCUCUCC 



50 

GUGCCCAGAC GACUCGCCCG A ''^ 

(2) INFORMATION FOR SEQ ID NO : 236: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro (2 F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 236: 
GGGAGGACGA UGCGGUCCUA GCAGCGAUUC AUCCCCGUUC UCUCAGCGUU 
GCCCCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 237: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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. M MOLECUIA?. TVPS : 

i^;.) FEATURE: ^v'^ :nidir.es are 2'-fluoro (2-F) 

^-(0) OTHER XNFOH>^"CN-. All^PV;-. 

UCCGCCAGAC GACUCGCCCG A 
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'* (A) LENGTH: 68 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RHA 

CCCAGACGAC UCGCCCGA 

(,) INFORMATION FOR SEQ ID NO =239 : 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 



50 
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GGGCCAGACG ACUCGCCCGA 

TMFORMATION FOR SEQ ID NO: 240: 
(1) SSSnCE CHARACTERIZATION: 

(A) LENGTH: 69 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 
lii) MOLECULAR TYPE: RNA 

CCCCAGACGA CUCGCCCGA 

v-,^ TMFORMATION FOR SEQ ID NO: 241: 
,1) ^^NCE CHARACTERIZATION: 
^ . ^. T5 hase pairs 



'lENGThT "■J2 base pairs 
(B) TYPE: nucleic acid 



(A) 
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STRA2TD£0^^ZSS : Single 
[Z: TOPOLOGY: linear 
MOLECULAR TYPE: RNA 

''-;0)'SS'iNFOR^tATI0N: All pyrimidines are 2.-fluoro (2'.) 

modified 

GUGCCCCAGA CGACUCGCCC GA 

(2) '\^0Pi4ATI0N FOR SEQ ID NO: 242: 
{!) SEQUENCE CHARACTERIZATION: 
LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RKA 

'^pi'S'lNFORMATION: All pyrimidines are 2-flucro (2T) 

modified 

(v-M SEQUENCE DESCRIPTION: SEQ ID NO: 242: 
gggaggacgUgcgggauuc UUUCGGCAAG UGAAAAAUAU CCUUGOKJCC 50 
CGAGCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 243: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) 

TMirnPMATION : 

modified 

(v^) SEQUENCE DESCRIPTION: SEQ ID NO: 243: 
GGGAGgIcGA TcGGGGACU UCAACUAAGU CCUCAUUUGC CUCGCUCCUC 

GUGCCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 244: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 74 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

'%,™imo^^lo«: All pyri«idi„es are 2-fluoro 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 244: 
GGGAGGACGA SSgGAACGG AGAUGUCCCC UCAAMAUUUA CCGUCUCCGU 
UUGCGCCCCA GACGACUCGC CCGA 

(2) INFORMATION FOR SEQ ID NO: 245: 



D)'oS'iNFORMATION: All pyrimidines are 2.-fluoro (2.F) 



(i) 



SEQUENCE CHARACTERI ZATION : 
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;A} LErrGTH: 70 base pairs 
f3) TYPE: nucleic acid 

(C) STRAIJDEDNESS : single 

(D) TOPOLOGY: linear 

( i M MOLECUI^ TYPE : RNA 

'1i,'o^i.ro,«.TIOK, .11 pvri.iai..s are .-»»=r= UT. 

modified 

GCCCCAGACG ACUCGCCCGA 

(2) TNFORMATION FOR SEQ ID NO: 246: 
(I) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(iM MOLECULAR TYPE: RNA 

'1=,'oSS'iKro««TIO», All pvri,idin,s ar, .-^luoro ,.T, 

modified 

CUGUGCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 247: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

"U,™Uim.TIOH, All pyri.idines are .-n^ro .aT, 

modified 

UGCCCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 248: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(U) MOLECULAR TYPE: RNA 

'"'1o,™i»F0™ATIO«, AU pyrLidi... ar. ^-fluoro (a'F) 

modified 

(^t) SEQUENCE DESCRIPTION: SEQ ID NO: 248: 
GGOAGSACGru?CGGGOAa; UUGACAGGCA UUGAUUUCGA CCUGUUCCCC 
GUGGCCAGAC GACUCGCCCG A 
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-riFORT-'iATIOrJ FOR SEQ ID NO: 249: 
'i; sequench: CHA-^:=.CTERIZATI0N: 
(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRAI-TDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pvrimidines are 2'-fluoro (2 r) 

modified 

(-i) SEQUENCE DESCRIPTION: SEQ ID NO; 24 9: 
GGGAGGACGA UGCGGCGACA CAAUAGCCUU UGAUCCCAUG AUGGCUCGCC 5 0 

GUGCCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 250: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro [2 F) 

modified 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO: 250: 
GGGAGGACGA UGCGGUGUAG UUUCCCUGUA UGCCAUUCUU UCCCAUGCCG 50 
CACGCCAGAC GACUCGCCCG A '^^ 

(2) INFORMATION FOR SEQ ID NO: 251: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECXJLAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro U V) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 251: 
GGGAGGACGA UGCGGUCGAG UGUUCUCCUU CGGUAACUAU UNNNNAUUUC 50 
GUGCCCAGAC GACUCGCCCG A '^^ 

(2) INFORMATION FOR SEQ ID NO: 252: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro [2 ¥} 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 252: 
GGGAGGACGA UGCGGGUCGU AUUCAUCUCC UUGUUCUGUU UCGUUGCACC 50 
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71 

UC-3CCCAGAC GACUCGCCCG A 

TMFORMATION FOR SEQ ID : 2 53 : 
(I) SEQUENCE CHARACTERIZATxON: 

(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(-■i) MOLECULAR TYPE: RNA 

G'JGGCCAGAC GACUCGCCCG A 



(2) 



INFORMATION FOR SEQ ID NO : 254 : 
(• , SEQUENCE CHARACTERIZATION: 
'(A) LENGTH: 69 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDN-SS: Sing-e 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 
(ix) 



]l) MULiC"^"'-'™* 

O FEATURE: oyrimidines are 2'-fluoro 12'F) 

(D) OTHER INFORMATION: All_pyr^ 



.G^AiUfG^ATc^^^^^^^ 
CCCCAGACGA CUCGCCCGA 



50 
69 



INFORMATION FOR SEQ ID NO : 255 : 
,i) SEQUENCE CHARACTERIZATION: 
' . -»i v,a<5e oairs 



255: 

(2) IN * 

*^\a)°LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

GGUNCCAGAC GACUCGCCCG A 
,2) INFORMATION FOR SEQ ID NO: 256: 
(if SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 
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(D) OTHER INFOPJ'lATiGtl: ^.i ^--^ 

UCCCCCAGAC GACUCGCCCG A 

(-5) INFORMATION FOR SEQ ID NO: 257: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 74 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^'U)'SS^'iNFORMATION: Ml pyri.idines are a'-fluoro (2'?) 

modified 

CGCGUCCCCA GACGACUCGC CCGA 

(2) INFORMATION FOR SEQ ID NO: 258: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^Im'SSS'lNPOHMATION: ^1 pyri.idines are 2-fluoro (2.F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 258: 

cggaggacgITcgguccgu cauaacggcc auaaacugcg aauacucccu 

GGCCCAGACG ACUCGCCCGA 

(2) INFORMATION FOR SEQ ID NO: 259: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 73 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

■ ''(Dl'^INFOHMATION: All pyrimidines are 2.-fluora (2-^) 

modified 

(xil SEQUENCE DESCRIPTION: SEQ ID NO: 259: 

oggagSacgaTcggggaca awvagcggug ucuuuucauu unkauccucc 

GACRUCCCAG ACGACUCGCC CGA 

(2) INFORMATION FOR SEQ ID NO: 260: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(li) MO'-HCULAP. TYPE: RNA 

'"■irn'oxS'lNFORMATION: All pyrxmidines are 2.-fluoro (a'F) 

modified 

fvn SEQUENCE DESCRIPTION: SEQ ID NO: 260: 

c.=3.Sc=f — AC ..cuo=cuc= AaccAAucAC cc=a=cc<:ac so 

CC-CGCCAGAC GACUCGCCCG A 

■r) INFORMATION FOR SEQ ID NO: 261: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 71 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: RNA 

''(Di'SS'lNFORMATION: All pyrimidines are 2' -f lucre (2.F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 261: 
GGGAGGACGA UGCGGGAACU AAUGGCCGUG AUUAACCAAU GCAGGCUUCC 50 

UGCGCCAGAC GACUCGCCCG A 

(2) INFORMATION FOR SEQ ID NO: 262: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 73 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^'U)^SS^''lNFORMATION: All pyrimidines are 2 -fluoro (2'F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 262: 
GGGAGGACGA UGCGGUGACA UGGAAUUUUC UACGGGCCCG AUCCUGCCAG 50 
CCGUGUGCAG ACGACUCGCC CGA 

(2) INFORMATION FOR SEQ ID NO : 263: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 13 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^^"[d)^^?^ INFORMATION: All pyrimidines are 2»-NH, modified 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 263: 
GGAANYAANR CRR 



(2) INFORMATION FOR SEQ ID NO: 264: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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MOLECJUV?. TYPE: RNA 



'(D)'oSS'iNFORMATION: All pyri.xdines are 2 • -MH: codified 
SEQUENCE DESCRIPTION: SEQ ID NO: 264: ^ 

GGA--riTGA 

(2) INFORMATION FOR SEQ ID NO: 265: 
SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 76 base pairs 

(B) TYPE: nucleic acid 

(C) STRAI^IDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

''"m^O^IS^INFORMATION: All C's are 2 ' -NH. 2 cytosine 

^'"[dI^^toS^INFORMATION: All U ' s are 2 ' NH, 2 uracil 

(•^i) SEQUENCE DESCRIPTION: SEQ ID NO: 265: 
GGGAG^CAAG AAUAACGCUC AAGUAGACUA AUGUGUGGAA GACAGCGGGU 50 
GGWCGACAG GAGGCUCACA ACAGGC 

(2- INFORMATION FOR SEQ ID NO: 266: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTO: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

^ l^Sf INFORMATION: All C's are 2 • -NH, 2 cytosine 
(ix)^^ FEATURE :^^ INFORMATION: All U's are 2'NH, 2 uracil 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 266: 
GGUGUGUGGA AGACAGCGGG UGGUUC 

(2) INFORMATION FOR SEQ ID NO: 267: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 



residues 

X) FEATURE: _ , a nr^rl 1 7 is 2 ' -deoxV-2 ' -0- 

(D) OTHER INFORMATION: A at positions 14 and 17 is 2 deoxy 

methyladenosine 

(ix) FEATURE: -^-^^^ c e 22 23 24, 26 and 27 

(D) OTHER INFORMATION: G at positions 5, 6, 22, 23, 
^""^ ^ is 2»-deoxy-2'-0-methylguanosine 

(ix) FEATURE 
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° deoxyth-zmidme 



, . .:ro-o-N-C£ DESCRIPTION. SEQ ID NO:267 
•IGG--3ACAG CGGGUGGUUC TTTTT 



(2) 



-vrrORMATION FOR SEQ ID "0 : 268 : 
:r SEQUENCE CHARACTERIZATION: 
LENGTH: 27 base pairs 
'3) TYPE: nucleic acid 
\z) STRANDEDNESS : single 
\~Z) TOPOLOGY: linear 
MOLECULAR TYPE: RNA 

FEATURE: ovrimidines are 2'-fluoro {2'-?) 

,0) OTHER INFOR>.ATION: All_pyr^ 

SEQUENCE DESCRIPTION: SEQ ID NO: 268: 
GGGAGC-iGSG GUYUC-^Y UYYYSYS 



(2^ -NFORMATION FOR SEQ ID NO : 26 9 : 
SEQUENCE CHAPJ^CTERIZATION: 

1 •^rs-i T-C 



(A) LENCrrl: 26 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(ix) FEATURE: ovrimidines are 2'-fluoro (2--F) 

(O) OTHER INFORMATION: m_pyrx 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 269: 
RGGRRGRAYY RS3RSYYYYY BSYBSY 

(2) INFORMATION FOR SEQ ID NO : 27 0 : 
' (•) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(ix) FEATURE: pyrimidines are 2'-NH: modified 

(D) OTHER INFORMATION: ^11 pyrimi 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO. 270. 
GGGAAGGAAY AARCRRGACC C 



INFORMATION FOR SEQ ID NO : 27 1 : 
(i) SEQUENCE CHARACTERIZATION: 



U) 

^""U) "length: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

'^U)TTrR^XNFORMATION: P----r7l" ^""^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 271. 

ggaaygayga y 



PCT/US96/08014 

WO 96/38579 '~ 



170 

(- IMrORKATICM FOR SEQ ID NO: 112: 

(i) SEQUEITCE CHARACTERIZATION: 
(A) LENGTH: 49 base pairs 
(3) TYPE: nucleic acid 

(C) STRArroEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECITLAR TYPE: RNA 

modified 

(v-il SEQUENCE DESCRIPTION: SEQ ID NO: 272: 
03 J™™OC UCCC^UOCU AAACUUUCUC CAUCG^C 

(2) INFORMATION FOR SEQ ID NO: 273: 

(i) SEQL-ENCE CHARACTERIZATION: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RKA 

^'(D)'o?S'iNFORMATION: All pyrimidines are 2.-fluoro (2-F) 

modified 

(^il SEQUENCE DESCRIPTION: SEQ ID NO: 273: 
GGGAGGACGA SfcGGUOCUC UCCCAAUUCU AAACUUUCUC CAUCGUA 

(2) INFORMATION FOR SEQ ID NO: 274: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 4 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

''(D)'oSS'iNFORMATION: All pyrimidines are 2-fluoro (2-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 274: 
GGGAGGACUG CGGUGGUCUC CCAAUUCUAA ACUUUCUCCA UCGUA 

(2) INFORMATION FOR SEQ ID NO: 275: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 4 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

''U/S'x»^0»«"°''^ pyri.ldi„es are .-fluor, 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 275: 
GGGAGGACGA GgCGGUGGUC UCCCCUAAAC UUUCUCCAUC GUAUC 



(2) INFORMATION FOR SEQ ID NO: 276: 
(i) SEQUENCE CHARACTERIZATION: 
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LENGTH: 45 base pa-rs 
(3) TYPS: nucleic aci=_ 

(C) STRANDEDNrISS : smg.e 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

fix) FEATURE: ^i^^r^in^s are 2'-fluoro (2'-F) 

(D) OTHER INFORMATION: All pyrimidmes 

^ modified 

(2) IM-ORMATION FOR SSQ ID KO : 277: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 4 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

fix) FEATURE: . -^^ 2'-fluoro (2'-F) 

iD) OTHER INFORMATION: All pyrirr.idines a.e 

modified 

(2) INFORMATION FOR SEQ ID NO; 278 : 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

'1^,™~TI0», Ml pyri.i.ine= are =-n.=r= 

^ modified 
fvn SEOUENCE DESCRIPTION: SEQ ID NO: 278: 
OGGAoSUf ~GUC UCCCAAUUAA CUCCAUCGUA UC 

(2) INFORMATION FOR SEQ ID NO : 27 9 : 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

modified 

^^^^ 

(21 INFORMATION FOR SEQ ID NO: 280: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDN'ZSS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR r^PE : RNA 

^'(D) OTHER INFOPJ^TION: All pyrimidines are 2'-fluoro (2'-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 280: 
GGGAGGACGA UGCGGUGGUC UCCCAAUUUU CUCCAUCGUA UC 42 

(2) INFORMATION FOR SEQ ID NO: 281: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 41 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
I (D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro (2 -F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 281: 
[J GGGAGGACGA UGCGGUGGUC UCCCAAUUCU ACCAUCGUAU C 41 

^ (2) INFORMATION FOR SEQ ID NO; 282: 

C!| (i) SEQUENCE CHARACTERIZATION: 

Ul (A) LENGTH: 44 base pairs 

fy (B) TYPE: nucleic acid 

v^J (C) STRANDEDNESS: single 

[4 (D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

(ix) FEATURE: , t?\ 

(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro (2 -F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 282: 
GGAGGACGAU GCGGUGGUCU CCCAAUUCUA UUCUCCAUCG UAUC 44 

(2) INFORMATION FOR SEQ ID NO; 283: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE; 

(D) OTHER INFORMATION: All pyrimidines are 2*-fluoro (2 -f; 

modified 

(xi) SEQXJENCE DESCRIPTION: SEQ ID NO: 283: 
GGAGGACGAU GCGGUGGUCU CCAAUUCUAU UCUCCAUCGU AUC 43 

(2) INFORMATION FOR SEQ ID NO: 284: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 4 3 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



PCTA:S96/08014 



O 96/38579 



173 



(2 



XCLEC-JLA?. TYPE: PaN'A 

(iy.) FEArJP.S: r,---^-nid'n«'S are 2'-flucro C'-F) 

(D) OTKER INFORMATION: .11 p--:nid.n_s 
^ ' modified 

TN-coRMATION FOR SEQ ID NO: 28 5: 
(1)" SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 41 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

* modified 
^v.l SEOUENCE DESCRIPTION: SEQ ID NO: 285: 
C-ASGlcGiuGlSSGGUCUC AAUUCUAUUC UCCAUCGUAU C 

(2) INF0R>:ATI0N FOR SEQ ID NO : 285 : 

(i) SEQUENCE CHARACTERIZATION: 
*(A) LENGTH: 44 base pairs 

(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

Mx) FEATURE: . . „^ ___ o'-fluoro (2'-F) 

(D) OTHER INFORMATION: All pyrxtnidines are 2 

modified 

(2) INFORMATION FOR SEQ ^^^^0 : 287 : 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(^i) MOLECULAR TYPE: RNA 

'^■;L,TTSfi~ZOH, All pyri»i.i." .re .-fluorc 

modified 



(2) 



INFORMATION FOR SEQ ID NO: 288; 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 
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OTHI?. IMrO?-M--ION: All pvrimidxnes are :-fluoro (2'-F) 

modified 

s--"^:^H DESCRIPTION: SEQ ID NO: 288: 



GG3.-.GGACGA 



UGCGGUGGUC UCCCAAUUCU ACUCCAUCGU AUG 



(- TM^ORMATION FOR SEQ ID NO: 289: 

(i) SEQUENCE CHARACTERIZATION: 
^(A) LENGTH: 42 base pairs 

(a) TYPE: nucleic acid 

(C) st?-a:idedness : single 

(D) TOPOLOGY: linear 

(ii) MOLE^JLAR TYPE: RNA 

^'(O)'SS'iNFORMATION: All pyrimidines are 2'.fluoro (2-.F) 

modified 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 289: 
GGGAGGACGA UGCGGUGGUC UCCCAAUUCU AUCCAUCGUA UC 
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{- TMFORMATION FOR SEQ ID NO: 290: 

(i) SEQUENCE CHARACTERIZATION: 
(A) LENGTH: 44 base pairs 
(3) TfPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

''Uj'^INFORMATION: All pyri.idines are 2-flucro (2-F) 

modified 

(xi) SEQUSNCE DESCRIPTION: SEQ ID NO: 290: 



3AGGACGA UGCGGUGGUC UCCCAAUUCU UUCUCCAUCG UAUC 



(2' INFORMATION FOR SEQ ID NO: 291: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

''(D) 'SSf INFORMATION: All pyrimidines are 2-fluorc (S-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 291: 
GGGAGGACGA UGCGGUGGUC UCCCAAUUCU UCUCCAUCGU AUG 

(2) INFORMATION FOR SEQ ID NO: 292: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLEOJLAR TYPE: RNA 

■ ''(D)'SSf INFORMATION: All pyrimidines are 2 ' -f luoro (2 -F) 

modified 



PCm'S96/08014 




c=..-j^-:-E DESCRIPTION: SEQlOVO^J^^ ^, 

coca;.c3.uc-cccucocccc ^c^c ucc^uco... 

,2, -.rroPJ^TION FOR SSQ^ ID NO : 293 : 
^ ("V SEQUENCE CHARACTERIZATION: 
'(^) LENGTH: 3 9 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: linear 
MOLECULAR TYPE: RNA 

(';.:) FEATURE: r,v-ritn' nes are 2'-fluoro (2'-?) 

SEQUENCE CHARACTr-Rx^Aixui 
'(A) LENGTH: 37 base pairs 

(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

O) TOPOLOGY: linear 
(.i) MOLECULAR TYPE: RNA 

INFORMATION FOR SEQ ID NO: 295: 
(i) SQUENCE CHARACTERIZATION: 

(A) LENGTH: 3 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

(2) INFORMATION FOR SEQ ID NO: 296: 
(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 
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{-) T^;ro?mTIOn FOR SEQ ID NO: 257: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 3 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

'1o)'oSS'iNPORMATION: All pyrimidines are 2.-fluoro (2.-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 297: 
GAUGCGGUGG UCUCCCAAUU CUAUUCUCCA UCGUAUC 

(2) INFORMATION FOR SEQ ID NO: 298: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

''(n)'o^'xNFOHMATlON: All pyri.idines are 2.-flucro (2.-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 298: 
GGUGGUCUCC CAAUUCUAUU CUCCAUCGUA UC 

(2) INFORMATION FOR SEQ ID NO: 299: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECX^AR TYPE: RNA 

"(D)'S^iN^ORMATION: All pyrimidines are 2.-fluoro (2.-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 299: 
GGGAGGACGA UG 

(2) INFORMATION FOR SEQ ID NO: 300: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 

''(D)'oSS'iNFORMATION: All pyrimidines are 2-fluoro (2.-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 300: 
GGGAGGACGA UGCGGUGGUC UCCCAAUUCU CUCCAUCGUA UC 



(2) INFORMATION FOR SEQ ID NO: 301: 
(i) SEQUENCE CHARACTERIZATION: 
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(A) LEMGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STR-^NDEDNZSS : single 

(0) TOPOLOGY: linear 
(ii) MOLECULAR TYPE: RNA 

^^"[Dj^oraS^ INFORMATION: All pvrimidines are 2'-fluoro (2'-F) 

modified 

(xi) SEQUENCE DESCRIPTION: SSQ ID NO: 301: 
GGGAGGACGA UGCGGUGUCU CCCAAUUCUU CUCAUCGUAU C 41 

(2) INFOPJ^TION FOR SEQ ID NO: 3 02: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULAR TYPE: RKA 

(ix) FEATURE: ^ . r:\ 

(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro (2 ) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 302: 
GGGAGGACGA UGCGGGGUCU CCCAAUUCUU CUCCUCGUAU C 41 

(2) INFORMATION FOR SEQ ID NO: 303: 

(i) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 3 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All pyrimidines are 2'-fluoro (2 -F) 

modified 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 303: 
GGGAGGACGA UGCGGGUCUC CCAAUUCUUC UCUCGUAUC 3 9 

(2) INFORMATION FOR SEQ ID NO: 304: 

(1) SEQUENCE CHARACTERIZATION: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 
(ii) MOLECULAR TYPE: RNA 

(ix) FEATURE: . 
(D) OTHER INFORMATION: All pyrimidines are 2»-fluoro U -F) 

modified 

(xi) SEQUENCE DESCRIPTION : _ SEQ^ ID NO^^^304^ 



\ AJ. / wJi-V'-'^^'^" — — 

GGGAGUACGA UGCGGUGGUC UCCCAAUUCU UCUCCAUCGU AUG 



